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PREFACE 


Studies of valence isomerisations have received consi- 
derable attention in recent years, especially since the formula- 
fhe 

tion of^ principles of conservation of orbital symmetry. In the 
thesis entitled; "Studies in Valence Isomerism of Heterosystems", 
we have attempted a detailed investigation of some aspects of 
the chsGJistry of 1 ,2 -bi sphenylazoalTcenes , wherein their valence 
isomeric f crms are involved. 


Chapter 1 contains a general survey of the literature 
dealing with the valence isomerisations of hetero-1 ,3 > 5-hexa- 
trienoids. A heter otr ienoid system like (j_) can exist in 
different valence isomeric forms (^)--(^) as shown below and 
several reactions of these systems can be rationalised in terms 
of this behaviour. In this Chapter, we have cited specific 
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examples of several reactions which are reported in the litera- 
ture and which come under this category. 

In Chapter 2, we have discussed the results of our 
studies on the thermal and photochemical fragmentations of 



1 ,2 -bisphenylaz oalkene s f carmed in the nickel peroxide oxidation 
of 1,2_diketone bisphenylhydrazones . It has been possible to 
show that the thermolysis of 1 ,2_bisphenylazostilbene yields 

2 . 4 . 5 - triphenyl- 1 , 2 , 3 - tr iazole . The same tri azole was obtained 
when a benzene solution of 1 ,2 -bisphenylazostilbene was subjected 
to photolysis. Similarly, the c or r’e spending 2 -phenyl -4 , 5 -di aryl - 
1,2,3-triazoles were obtained both in the thermolysis and photo- 
lysis of 1 ,2 -.bisphenylazodi(4-chlorophenyl) ethylene and 

1 . 2 - bisphenylazo di (4 -me thoxyphenyl ) e thylene. The thermolysis of 

1 . 2 - bisphenyl azocyclohexene gave rise to the expected 2_phenyl- 

4 . 5 - te trame thyl ene- 1 , 2 , 3 - triazole . On the other hand, photolysis 
of 1 , 2 -bisphenyl azocyclohexene gave a mixture of products consis- 
ting of 2 -phenyl -4 , 5 - tetr amethylene- 1 ,2 , 3-triazol e and 1 -anil in o- 
2-phenyl-1 ,4,5,6 - tetrahydrocyclohexa^d^- 1,2,3- triazole . The 
thermolysis imd photolysis of both 1 , 2_bisphenyl azoethyl ene and 

2 . 3- bisphenylazo-2_butene , however, failed to give the expected 
triazoles. But 2 , 3 -bisphenylazo-2 -bu tene when irradiated in 
presence of dry HCl gas gave 2 ~phenyl_4 , 5-dimethyl-1 ,2 , 3-triazole . 
The formation of triazoles in these reactions has been explained 
in terms of an initial valence isomerisation of the starting 
bisphenylazoalkenes to the corresponding iriesoionic anhydro 

1 -phenyl imino-2 -phenyl -4 , 5-disubs ti tu ted-1 ,2 , 3- tr iazolium 
hydroxides, wMch subsequently lose phenylnitrene to yield the 
corresponding triazoles. Our attempts to trap the phenylnitrene 
formed in these reactions, however, were not successful. 



The photolysis of 1 ,2 -'bisphenylazoacenaphthyl ene in 

benzene solution failed to give rise to the expected 1,2_acenaph- 

tho j^dj- 1 ,2 , 3— triazole . A similar observation was made when the 

reaction was carried out under conditions of thermolysis also. 

However, when the photolysis of 1 , 2-bisphenylazoacenaphthylene 

was carried out in a mixture of methanol and methylene chloride, 

1 ,2 -acenaphthenequinone monophenyl hydraz one was formed as the 

only isolable product. In continuation with our studies, we 

have examined the thermal and photochemical behaviour of 

_o-(phenylazo)phenyldiazocyanide and an azomethine imine like 

C -biphenyl ene -N ~(4-chlor ophenyl) -N' -cyanoazomethineimine. 

photolysis and thermolysis of _o-(phenylazo) phenyldiazocyanide 

gave the expected 2 -phenylbenzo triazole . The thermolysis of 

B 

G -biphenyl ene-N -(4-chlor ophenyl) -N -cyanoazomethineimine gave 
9-fluorenone-N-(4-chlorophenyl) anil, as the only isolable 
product. photolysis of the same azomethine imine on the other 
hand, gave a mixture of 9-flurenone and 9-flurenone-N-(4-chloro- 
phenyl) anil. 

In Chapter 3, we have advanced some chemical evidences 
for the irainotriazolium intermediates formed from b isphenylazo- 
alkenes . It was pointed out earlier that a bisphenylazoalkene 
such as 1 ,2 -bisphenylazostilbene can exist in its valence 
isomeric form, namely, anhydr o 1 -phenylimino_2 ,4 , 5- triphenyl - 
1 ,3-triazolium hydroxide. ¥e have shown that the iminotriazo- 
lium intermediate behaves like a 1,3-dipolar system (azomethine- 
imine) and that i t undergoes cycloadditions with several acetylenic 



and olefisidc dipolar C5philes. Thus, the reaction of 1,2-bisphenyl- 
azos til bene with dimethyl acetylene dicarboxyl ate gave rise to a 
pyrazoline- jk 5 3-.c] [l ,2 ,3] triazole derivative. Other acetylenic 
dipol ar op biles that have been employed, include methyl propiolate 
and dibenzoylacetyl ene. Similar cycloadditions iwere observed in 
the cases of 1 , 2 -bisphenylazodi(4-.chl or ophenyl) ethylene , 1,2^bis-. 

phenylazodi(4-methoxyphenyl) ethylene and 1 ,2-bisphenylazocyclo- 
hexene. The reaction of these bisphenylazoalkenes with different 
olefinic dipolarophil es like dimethyl maleate, dimethyl fumarate, 
ethyl acrylate, acrylonitrile and methyl methacrylate have been 
tried and in each case the corresponding 4,5-<iihydropyrazolino- 
[ 2 , 3 [^1 ,2 , 3 ] tr iazoles were formed. On the other hand, 

triazolino 5 [l ,2 , ^riazole- 5 -“Ones and the corresponding 

thiones were formed when these 1 ,2 -bisphenylazoalkenes were 
reacted with phenyl isocyanate and phenyl isothiocyanate, 
respectively. Similar cycloadducts are formed in the reaction 
of 2 , 3-hisph eiiylaz 0-2 -butene with acetylenic dipol ar cphil es under 
acid catalysed conditions. The formation of all these products 
have been explained in terms of the anhydro 1-phenylimino-2- 
phGnyl-4 , 5--disabs ti tu ted-1 ,2 , 3- tr iazolium hydroxides to the 
various dipolarophiles , The stereospecificity and the Tegio- 
selectivity of these additions have also been examined. The 
concerted nature of these addition reactions was established 
by kinetic studies and through evaluation of the activation 
energy and entropy of activation of some representative cases. 



Additional chemical evidence concerning the structure of 
fciliese adducts was obtained from thermolysis studies of iiie cvclo- 
5a.d.ducts of 1 ,2 -bi ^henylazostilbene with dimethyl maleate and 
<a.imG thylfumarate . In both these cases, the ihermolysis resulted 
±n thie formation of 2 ,4 , 5- triphenyl -1 ,2 , 3-triazole , thereby 
establishing the presence of the triazole moiety in these adducts. 

Further proof for the existence of mesoionic iminotr iazolium 

species probably in dynamic equilibrium with the b isphenylazo- 

alkenes, has been derived from the reaction of these compounds 

with carbon disulphide. Reaction of carb cn disulphide with the 

the 

starting bisphenylazoalkenes resulted in the formation of^corres- 
ponding 2 -phenyl -4 , 5 -disubsti tu ted-1 ,2 , 3- triazole , phenyl 
is o thiocyanate and elemental sulphur. The formation of these 
products has been explained in terms of an initial 1 ,3-dipolar 
cycl o addi tion of anhydro 1-phenylimino-2-phenyl-4,5-disubstituted- 
1 ,2 , 3 -triazolium hydroxides to carbon disulphide, followed by 
fragmentation of these cycloadducts. 

In Chapter 4 of the thesis, we have summarised our 
attempted studies on the synthesis of a few heterocyclic systems 
by routes involving valence isomerisations. Thus, it has been 
shown that N,N' -dibenzal -_o-phenylenediamine rearranges under 
thermal condition to 1 -benzyl_2_phenylbenzimidaz ole . The 
intermediate dipolar imidazolium ylide, however, could not be 
trapped through cycloaddition reactions with different dipolaro- 
philes. Similarly, 2 ,3 -dihydr o-5 ,6 -diphenylpyrazine and 



2 , 3 -dihycir o ~2 , 3 j 5 - te tr aphenylpyrazine , prepai'ed from the 

reactions of the corresponding e thyl enedi amines withbenzil, 
also rearranged thermally to the corresponding imidazole 
derivatives. The foi^mation of these imidazole derivatives has 
been explained in terms of an initial el ectr ocyclic ring opening 
of the dihydr opyrazines to the c orr esp ending enediimines, 
followed by valence isomerisation and subsequent rearrangement 
of the enediimines. Our attempts to trap these dipolar inter- 
mediates through cy cl oadditi on reactions did not meet with 
success. The dianil formed in the reaction of ^-phthal aldehyde 
and aniline rearranged to 2 -phenyl-1 -phenyliminoisoindoline , 
and this transformation has been rationalised in terms of 


valence isomeric intermediates. 



CHAPTER 1 


VALENCE ISOMERISM IN 
HETEROIRIENOID SYSTEMS 

1 . 1 INTRODUCTION 

Valence isomerisation as a class of concerted processes 

has been receiving detailed and systematic attention in recent 

years. Elaboration of the principles of orbital symmetry by 

1 

Woodward and Hoffmann and their application by a number of 
workers have provided an added momentum to research in this 
field. 

The valence isomerisations involving cyclic as well as 
Open-chain isomers, can be broadly classified on the basis of 



the ring size of ttie cyclic system. Some illustrative examples 
of valence isomerisation in few cyclic systems are listed in 
Scheme 1.1. 

A typical instance of valence isomerism of three membered 
ring compounds is the thermal ( c onr otatory) and the photochemical 

(disrotatory) opening of an epoxide, j[ to the corresponding 

2 . 
carbonyl ylide, 2. Similar examples of valence isomer iza- 

tions aire observed in several other cyclic systems like cyclo- 

3 h 5 6 

propanones, _3 , ’ aziridines, _4, and diazirene iniines, 

7 

Maier has reported an interesting transformation of a 

dicarbonyl compound, ^ to a bifuran derivative, , which could 

be regarded as an example of valence isomerism involving four 

membered and five membered ring systems (Scheme 1.1).' Another 

case of valence isomerism in a five membered ring is observed 

in the isomerisation of the OC -phenyl azoisocyanate , _1^ to the 

1 , 2 ,4 -triazolidone, 14, through the possible intermediate, J|_3 
8 

( Scheme 1.1). 

Valence isomerisations of simple 1 , 3 > 5-hexatrienoids , 1 5 < 

leading to the corresponding cycl ohexadienes , Jj6 , have been 
investigated in detail in carbon systems and the general nature 
of this type of transformations has long since been established. 
It is only natural to expect a similar type of general behaviour 
in hexatrienoids containing heteroatoms. In such systems, 
besides the hexatrienoid form, _ 17 .» and the cyclohexadienoid 



Scheme T‘1 
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Schem e T-I (Contd.) 
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form, 18 , one would expect a five membered, dipolar form such 
as, 22., as well as a bicyclo [3 , 1 ,oj hexene form such as 2o , 
the latter two forms? I 9 and 2o justifying their existence 
because of the aromatic stabilisation of such systems 
( Scheme 1.1). 

Though such valence isomerisation possibilities in 
he ter ohexatrienoid systems are quite obvious, no attempt has 
so far been made to explain a wide variety of interesting 
transformations of heterohexatr ienoids reported in the litera- 
ture in terms of their valence isomers. In the following pages, 
we have tried to explain some of the reactions of different 
types of heter ohexatrienoids which are reported in the litera- 
ture in terms of the valence isomers of these systems. 

1 .2 SYSTEMS WITH ONE HETER 0 ATOM 

Marvel and coworkers have studied the sodium borohydrido 
reduction of a pyrillium salt liko,2_2 at low temperatures and 
have shown that a mixture of products consisting of the 4H-pyran 
22 , the 2H_pyran, ^3 and the open-chain, dienone , 2k_, are formed 
Evidence for the valence isomeric structures such as 23 and 24 
has been obtained from the nmr spectra of the reaction mixture. 
These workers have also shown that substituted 2H-pyrans such 
as 2_5 undergo valence isomerisation to the corresponding open- 
chain dienones such as 2^ (Scheme 1.2) 




11 

Schiess and coworkers have observed that conjugated 
dienaldehydes like 2^ and 30 undergo cycloadditions with 
tetracyanoethylene to give products^ 29 and ^2 and these 
reactions have been rationalised in terms of 2H-pyran inter- 
mediates 2_8 and 33 _, respectively (Scheme 1.3) • 

The photochemical hydrolysis of pyridine to 4-aminobuta- 

1 ,3-diene-1 -carboxaldehyde (36) can similarly be explained in 

terras of the valonce isomeric intermediates like 34 and 35 
1 2 « 1 4 

( Scheme 1.4), 

1 . 3 SYSTEMS CONTAINING T¥0 HETERO ATOMS 

1.3.1 Systems with Two Oxygen Atdms 

1 5 

Zinin had reported that direct heating of 1 ,2 -dibenzoyl - 
stilbene ( 37 ,) gives rise to the tetraphenyl lactone, 3 ^- A 
reasonable mechanism for this transformation would involve the 
initial valence isomerisation of ^7 to the five-member ed 
intermediate, 38 which would then rearrange to 39 (Scheme 1.5) . 
Similarly, the existence of structures like or 4^ can be 
conveaiiently invoked to explain the ready deoxygenation of 
1 ,4 -dicarbonyl alkenes to the corresponding furan derivatives 
42 , by phosphorous trihalides and trialkyl phosphites 
(Scheme 1.6),^^’^'^ 

In this context mention may be made of few limitting 
cases of reactions wherein such valence isomerisations are not 





observed, although from their structural features one would expect 

such transformations. Thus, when a 1 ,4 -dicarbonyl alkene such 

as 2 ,3-dibenzoylbicyclo^2 ,2 ,2^ octa-2 , 5-diene ( 44) is heated 

around 200°, it undergoes fragmentation through a retrodiene 

reaction to give jo-dibenzoylbenzene (.^) , instead of the 

*18 

expected lactone 46. On the other hand, _o-dibenzoylbenzeno 

(45) which in itself is a 1 , 4-dicarbonyl alkene does not undergo 

1 8 

any change on heating under similar conditions. 

The known thermal isomerisation of symmetrical phthaloyl 
chlorido (47^) to its unsymmetrical is oner, 4_2 , can be viewed as 
a case of valence isomerisation involving the dipolar inter- 
mediate 4^ (Scheme 1 .7) 

It has been shown by Berger and Summerbell^^ that the 
thermolysis of tetraphenyl-p dioxine (^O) results in the 
formation of the unsaturated lactone _32 . These authors have 
suggested a mechanism for this transformation, involving 
intermediates like, 5 1 and (Scheme 1.8) . However, we feel 
that this transformation can be explained in terms of the inter- 
mediacy of c is -dibenzoyls til bene (37) , formed in a sequence of 

symmetry allowed processes. These involve an initial 
2 2 2 

(fS + /f s + uJ s process leading to an oxetidine derivative, 

53 which on subsequent el ectrocyclic ring opening gives rise 
to cis-dibenzoylstilbene (^) (Scheme 1.8). The cis -dibenzoyl - 
stilbene thus formed will undergo further isomerisation to the 
lactone _32, through the intermediate ^ (see. Scheme 1,5) . 
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In this connection it might be mentioned that recently 
2122 

Jemmis and George ’ have shown that c is -dibenzoyl stilbene 
is actually formed as an intermediate in the thermal isomerisa- 
tion of tetr aphenyl -^-dioxine ( 50) to the lactone 39 • 

1 .3.2 Sys.tems with Two Sulphur Atoms 

Transformations which arc mechanistically similar to 

23 

those of ^^-dioxines have been reported by parham and Trynels 

for the corresponding sulphur analogue? ^4. These authors have 

suggested the involvement of intermediates like and in 

explaining this transformation. However, we feel that this 

reaction may very well bo proceeding through c is-dithiobenzoyl- 

stilbene (5^) > which subsequently loses elemental sulphur 

to give the thiophene derivative, 3^. (Scheme 1.9). A similar 

mechanism can be invoked to explain the formation of the 

thiophene derivative, 6^ in the reaction of 6^ with dimethyl 

/ 24 

acetylenedicarboxyla te (Scheme 1.9). 

A cyclic persulphide such as formed in the reaction 

of sulphur monochloride with dimethyl acetylenedicarboxylate in 
presence of sodium mercaptido has been reported to undergo 
thermal transformation to the thiophene derivative, 66 

25 

(scheme I.IO) . This transformation can also be explained 
in terms of the intermediate 1 ,4-dithiocarbonylalkene 
derivative, which ultimately leads to the thiophene 
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a, R3^=GH3~C3:; R 2 =C=C-CH=CH-CH=CH 2 
5, R]_=CH3-C^rC ; R2=(C=C)2--CH-CH2 , 
c, R3_=CH3 -(CsC) 2; lV=C5^-CH=r'a2 
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An analogous transformation has been observed by Bohlmann 
26-28 

and coworkers who have shown that some naturally occurring, 

sulphur containing polyacetylene s such as 67 ^ are easily converted 
to their corresponding thiophene derivatives 6S (Scheme 1 .I 0 ) . 

1.3-3 Systems with Two Nitrogen Atoms 

29 30 31 

Padwa and coworkers , as well as Schmid and coworkers ’ 

have in depen den t3.y shown that the photochemical ring opening of 
2H-azirines gives rise to nitrile ylides . These authors have 
shovm that in presence of electron deficient dipolar ophiles, 
such photochemically generated nitrile ylides undergo cyclo- 
addition reactions to pyrrole and p3urrolidine derivatives. 

It has been shown that in the absence of any dipolaro- 
phile, the nitrile ylides from 2H-aziriaes, undergo a 1 ,3 -dipolar 
cycloaddition to a ground state 2H-azirine, leading to 1,3-diaza- 
bicyclo [ 3 , 1 ,o| hex-3-ene systems^ (Scheme 1.11).^^ 

Earlier, padwa and coworkers had shown that 1,3-diaza- 
bicyclo ^ , 1 ,oj hex-3-ene systems 7X undergo ring opening reac tions t 
give the corresponding heter otrienoids, 73’^^ These enediimines, 

73 have been shown to undergo photochemical , as well as thermal 
ring closure reactions to give the corresponding 2 ,3_dihydro- . 
pyrazine derivatives, jU (scheme 1.11).^^’^^ The 'opening of 
the throe- member ad ring of the diazabicyclo ^3 , 1 ,oJ hex_3_ene, 

TJLj as well as an alternative valence isomerisation of the 
enodi inline , 73 both leading to the dipolar , imidazolium ylides 



Scheme 1-11 
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72 or 2§. have been invoked to explain the formation of 
imidazoles, JX X§. during the photolysis of 2H-azirines 

(scheme 1.11). Similar results for the photochemical trans- 
formations of 2H-azirines have been reported by Schmid and 

35-37 

co-workers also. 

OO 

Heine and co-workers^ have shown that a diazabicyclo- 
^ , 1 , ojhGX-3 -ene system such as 7J.f undergoes addition reactions 
with acetylenic and olefinic dipolar ophiles to give pyrrolo- 
|l ,2 -cj imidazoles 7 9 and 8o, and they have suggested the 
involvement of the dipolar intermediate 7X these addition 
reactions (Scheme 1.12). 

A 2 , 3 -dihydropyrazine — ^Jtenediimine — » imidazoliura ylide 

sequence of valence isomerisation has been invoked by Beak 

39 

and Miesel in the transformations of a number of 2,3-dihydro- 
pyrazines to imidazole derivatives under photochemical condi- 
tions. Their results are summarised in Scheme 1.13, 

From the s-tudies of different groups of workers, it is 
fairly clear -that in the case of 2 ,3-dihydropyrazine systems, 
all the four valence isomeric forms, namely, the 1 , 3-diazabicyclo- 
1^3 , 1 , oj hex-3 -ene form 7 1 i the dipoleir, imidazolium 1_ylide form 
72 , the 2 ,4_diazahexatri©noid ( enediimine) form 713 and the 
2 ,3-dihydropyr azine form realisable, under appropriate 


Condi ti ons . 



Scheme 1-12 
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^ ^ Systems with One Oxygen and One Nitrogen Atoms 

A number of derivatives of 1 ,2-oxazines are reported 
in the literature. A few interesting transformations of 
1,2-oxazinG derivatives which could be explained through 
valence isomeric intermediates are discussed here. 

1 ,2 -Gxazine -6 -ones , formed from the oximes of 

maleic acid monoaldehydes are known to thermally rearrange 

il-Q —42 

to the corresponding maleimides, 85 . A probable route 

to the formation of 8^ involves intermediates like 82 -8^ 

( Scheme 1 . . 

The rearrangement of oxime anhydrides ( 1 ,2 -oxazine-6 - 
ones) to the corresponding dicarboxylic acid imides appears 
to be a general reaction. Thus, when phthal aldehyde is heated 
with hydroxylamine , benzo|dJ -1 ,2 _oxazinG-6 -ol (^) is fcxrmed 
which upon oxidation gives the corresponding 1 ,2 -oxazine-6 -one, 
87 . Thermal rearrangement of 87 _ to phthalimide, 88, can be 
rationalised in terms of valence isomeric intermediates, 
analogous to 8^, and 84 . 

44 4 5 

Dilthey and passing ’ ha.d reported that the reaction 

of ni trosobenzene with tetraphenylcyclopentadienone ( 89 )' leads 

to the formation of the unsatxxrated lac tam , ^i4 (Scheme 1,l6). 

46 

In a reinvestigation of this reaction, Ranganathan and Ear 
have shown that the reaction of ni trosobenzene with tetraphenyl- 
cyclopentadienone gives the cycloadduct, ^go, which on subsequent 
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d.®caxbonylation gives the oxazine derivative 9J. • Valence 

isomerisation of has been invoked to explain the formation 

of the lactam Similarly the formation of the lactam, ^4, 

in the reaction of cis-dibenzoylstilbene (37) with aniline 

can be rationalized in terms of valence isomeric intermediates 

47 

like and _23 (Scheme 1 . l6) . 

1 .4 SYSTEMS WITH THREE HETERO ATOMS 

1.4.1 Systems with One Nitrogen and Two Oxygen Atoms 

48 / \ 

Gibson had reported that N-phenyl-C-(_o-nitr ophenyl) - 

nitriloimine ( 9 §_) exists as the isomeric phenylazoanthranil-N- 

oxide (9^) (Scheme 1.17) <• This could be cited as an example 

of valence isomerism in a he terohexatr ienoid system, containing 

three hetero atoms. Valence isomers of anthr anil -N- oxide, such 

as and ^8 might be involved in the preparation of anthranil- 

N-oxides from phenyl-o-nitrobenzoylhydrazine s , IQI , as reported 

49 

by Chattaway and coworkers ^ (Scheme 1.17) • Structures like 
96 , 97 and ^ can be conveniently invoked in the formation of 
an thr anil -N~ oxide during the lead tetraacetate oxidation of 
phenylhydr azonc s of ^-ni troar omatic aldehydes such as IQO , also 
(Scheme 1.17).'^° 

1.4.2 Systems with One Oxygon and Two Nitrogen Atoms 

Another in tore sting transformation where the valence 
isomers of a hotorohoxatr ienoid system containing three hetero- 
atoms are involved, is the formation of 1 -hydroxybonzimid - 
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azoles ( 1 05 ) during the photolysis of N-(_o-nitrophenyl) - 
. 51 ' 

azirines ( ipZ ) . This transformation could be explained in 
terms of an intermediate Schiff ' s base like b enzaldehyde 
N-( o-nitrosophenyl) anil ( 104 ) (Scheme 1.18). 

1 . 5 SYSTEMS WITH FOUR HETERO ATOMS 

^ • 5 • 1 Systems with Four Nitrogen Atoms 
1.5.1a- 2 , 3 -Dihydro-1 ,2,3 ,4 - tetrazines 

An exanple of the photochemical dimerisation of a 

1,3-ciipolar species to give a 1 , 3 , 5-h®xatrienoid system is the 

dimerisation of ni tril eimines . In a detailed investigation of 

the photochemical transformations of sydnones and 2 , 

52 

tetrazole, George and Angadiyavar have reported the formation 
of 1 ,2 ,3-triazoles. For example, the photolysis of N,C-diphenyl - 
sydnone ( 1 o6 ) gives rise to 2 ,4 ,5-'triphenyl-1 ,2 , 3-triazolc ( 115 ) . 
It has been suggested that N ,C-diphenyl sydnone undergoes an 
initial transformation to diphonylnitrileimine ( 1 09 ) which in 
a subsequent step dimerises through a phot oc hemic ally allowed, 

4+4 process to give 2 , 3 -dihydro-2 , 3 , 5 - tetraphenyltetfazine 

52 

( 1 14 ) , These authors"^ have further suggested that the dihydro- 
tetrazine derivative, 1 l4 undergoes valence isomerisation to 
anhydro 1 -phenyl imino-2 ,4 , 5- triphenyl- 1,2 , 3- tr iazolium hydroxide 
( 1 12 ) tiirough the intermediacy of 1 ,2 -bisphenylazostilbene ( 113 ) 
(Scheme I.I 9 ). It might bo pointed out that there is a distinct 
possibility that the pho tochemically generated nitrileimine exists 
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as the phenyl phenylazocanbene (jMjO) which could dimerise to 
give the bisphenylazostilhene ( 113 ). On the other hand, the 
formation of the anhydro iminotriazoliura hydroxide, 112 , can 
also be through a 1 ,3-dipolar cycloaddition of the nitrile- 
imine, 1 09 with itself. An alternative formulation would 
involve the cycloaddition of 1 09 to one of its valence isomers, 
namely, diphenyl _ 2 H-diazirine ( 1 08 ) followed by the valence 
isomerisation of the cycloadduct. 111 , to give 102 . The 
transformation of 112 and analogous systems to the triazole 
derivatives, 115 has been discussed in detail in Chapter 2 
of this thesis. The 1,3-dipolar cycloadditions of 1 12 and 
related systems to a number of acetylenic and olefinic systems 
are discussed in Ghajjter 3 . 

Another in stfance where valence isomers of a bisazo- 

alkene could be invoked to explain the experimental observations 

is in the thermal fragmentation of 1 16 to give the triazole 

53 

derivative, 117 . The role of SnCl^^ in this reaction is not 
clear. However, it might be probable that SnCl^ is responsible 
for a specific choice between two alternative possibilities of 
nitrene loss by complexing with the naphthoquinoneimine (J_19) 
which might be considered as the rearranged product of the 
nitrone 118 . A similar transformation is observed in the 
thermal loss of aniline from _o-phenylazohydrazobenzene ( 12 o ) 
to give the b enz o triaz ol e , 121 (Scheme 1.2o).^^ 




1.5. lb 1 , 2 -Dihydr o - 1 ,2,4, 5- tetrazjnes 


The thermal conversion of 1 , 2 _dihydro -1 ,2 ,4 ,5- tetrazines 
to the 4 -amino -1 ,2 ,4- tr iaz ole s has long since been recognised as 
an unavoidable side reaction, in the reactions of these deriva- 
tives wherein prolonged heating is involved. Thus, 4-amino- 
2 , 5-<iiphenyl-1 ,2 ,4-triazole ( 126 ) has been reported to be 
formed in a consecutive reaction when 3 > 6 -diphenyl - 1 , 2 -dihydr o- 

tetrazine ( 112 ) is prepared by the reaction of benzonitrile 
55 

and hydrazine. The mechanism of this unwelcome side reaction 
could also involve valence isomers like 123 and 124 (Scheme 1-21) 
The final conversion of the 3 -amino-1 ,2 ,4 -triazole derivative, 

125 , to the 4 -amino-1 ,2 , 4 -triazole , 126 , would involve a 
symmetry allowed, |l , 5 ] sigmatropic shift (Scheme 1.21). 


56 

Curtius jmd coworkers have investigated the dimerisatxon 
of diazoace tic acid and have shown that the dimer is represented 
as 1 , 2 -dihydro-1 ,2 ,4 -5 tetrazine-3 ,6 -dicarbo;xylic acid ( 127 ) . 
These authors have also described the further transformation of 
this derivative to the arainotr iazol e derivatives, 128 and I 29 
through the sequence of reactions shown in Scheme 1.22, These 
transformations can be explained in terms of the valence isomers 
of dihydx’ otetrazine derivatives, 127 and 130 . 


1 . 5.2 Systeiris with IVo Nitrcgen and Two Oxygen Atoms 

The most frequently observed reaction of a nitrile 
oxide is its dimer isation to the corresponding furoxan. The 
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dimerisation in most cases occur readily during the formation 
of the nitrile oxide itself. Kinetic studies on the dimerisa- 
tion of several nitrile oxides have shown that this reaction 
follows a second order kinetics and is characterised by a low 
energy of activation, as well as a large negative entropy of 

activation, as one would expect in typical cycloaddition 
57 58 

reactions. ’ Hence it has been postulated that the dimerisa- 
tion is essentially a 1 ,3-dipolar cycloaddition of a nitrile 
oxide (j|_2_l) ■fco another molecule of nitrile oxide. An alternative 
mode of reaction would involve the dimerisation of the nitroso- 
cetrbcnei 132 to give the 1 ,2 -dinitr osoolef in© , 1 3h (scheme 1,23),. 
Nmr studies have shown that the benzofur oxan , (135) exists in 

mobile equilibrium with 1 ,2 -dinitr osobenzene (j_ 36 ) > which is 

59-6 1 

a valence isomer of 135 ♦ ^ Similar results have also been 

reported in the case of equilibration between the unsymme trie ally 

substituted furoxans, 137 and 1 39 (Scheme 1,23). 

# 

The structure^ formulations of furoxans have gone through 

a controversy parallel in all its aspects of the controversy 

, 62 

regarding the stmicture of 2 , 3-dihydro-1 ,2 ,3 ,4- tetrazinos . 

Thus, Angeli and others have suggested the cyclic, 1,2,3,6-di- 
oxadiazine structure for the oxidation products of the dioximes 
of 1 ,2 .rdike tones ¥ieland and pthers^^’^^ have shown that 
the dioxime of an unsymme trical 1,2_diketone like phenylgly oxal 
gives two isomeric oxidation products which are readily inter- 
converted. To explain this fact, these authors have proposed 
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the jfuroxan structure for the oxidation product of 1 ,2 -dioximes . 
The inter conver sion of the two isomeric products has been 
explained in terms of a 1 ,2 -dinitr osoalkene intermediate. 


The furoxan structure is the currently accepted struc- 
ture for these products though recent investigations have 
suggested the possibility of a dynamic equilibrium between 

the furoxan structure and the open chain 1 ,2 -dini trosoalkene 

^ 59~6i 

form. 


From the two parallel controversies regarding the struc- 
tures of the oxidation products of bisphenylhydrazones of 
1 , 2 -dike tones as well as their 1,2-dioximes and in the light 
of our results on the thermal and photochemical transformations 
of bisazoalkenes (Chapter 2), it is possible to conclude that 
the valence isomerisation between structures 17 - 20 , is a 

general behaviour. This view is further substantiated by the 

32 -39 

photochemical transformations of pyrazines. The dimerisa- 

tion, at least under photochemical conditions, of dipolar 
species containing a double bond such as l4o or their valence 
isomors» l4l and 142 to the valence isomers of the corresponding 
1 ,3 , 5-heterohGxatrionoid3 appears to be a general behaviour 
( Schomo 1 .24) . 

1 . 5.3 Systems with Three Nitrogen and One Oxygen Atoms 

Bamberger had reported the formation of a benzotriazole- 
l-oxide, i 45 , in the ammonium sulphide reduc tion of _o-nitr o- 
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azobenzene ( 1^3) * The same benzotriazole-1 -oxide is formed 

*7 'I 

both in the reduction of jo-nitroazoxybenzene ( 146 ) and the 
oxidation of o-aminoazobenzene (Ji47)^^ ( Scheme 1.25). The 
formation of 145 in these reactions could result from the 
valence isomerisation of the intermediate o-nitr osoazobenzene 

( l44 ~) . 

In section 1.4.2, we have indicated that nitril eimines 

carrying a _o-nitr ophenyl substituent on the carbon atom, can 

exist as the valence isomeric, azoanthranil -N- oxide s . Huisgen 
73 

and coworkors have reported a similar interesting transforma- 
tion in the case of a nitrileimine with a jo-nitr ophenyl 
substituent on the nitrogen atom. These authors have shown 
that a nitrileimine such as l48 undergoes a thermal rearrange- 
0i0iit to the benzotriazolium 1 -oxide ( 1 5 1 )> which is subsequently 
transformed to the final product, 1 5? • These authors have 
suggested a mechanism for this reaction which involves the 
intermediacy of ^-benzoylazonitrosobenzene ( 1 50 ) , which is a 
vaj-once isomer of 2 -bonzoylbenzotriazolium 1 -oxide, ( 151 ) 

(scheme 1.26). Similar transformations of other substituted 

74 

ni tril oiraines like 1 53 have also been reported by Grashoy 
(Scheme 1 .26) . 

1 . 5.4 Systems with Three Nitrogen and One Sulphur Atoms 

75 

Michaelis and Erdraan have reported an interesting 
transformation of a sulphur containing hexatrienoid such as 
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'^57 to the benzotriazole 1 59 (Scheme 1 . 27 ). In this case, the 
dipolar , triazolium derivative 1 58 can readily lose a molecule of 
sulphur monoxide, which would subsequently undergo dispropor- 
tionation to sulphur dioxide and elemental sulphur. 

1.5.5 Systems with Four Oxygen Atoms 

Kashiwagi and coworkers have reported an interesting 

transformation of acyl peroxides to acyl alkyl (or aryl) 

76 77 

carbonates. ’ Though these authors have proposed a different 
meciianism for this transformation, an alternative representation 
would involve tto valence isomerization of 160 to 16 1 , which cant 
then lead to l62 (scheme 1 . 28 ). 

1 .6 MONOMOLECULAR HETEROCYCLIC REARRANGEMENTS 

*7 R 

Recently, Rue ci a and coworkers' have shown the generality 
of a class of rearrangements of the type l 63 -l 64 as shown in 
Scheme I.29. Since this type of rearrangement is very similar 
to the valence isomerism of 1 , 3 ,5-hexatr ienoid systems, discus- 
sed in the earlier sections of this chapter and these reactions 
provide an easy method of access to many of the he ter ohexatr ienoid 
systems, a few interesting exanples of these aro discussed below. 

79 

Katritzky and coworkers have demonstrated that trans- 
formations of suitable o-substituted furoxans 165 to the corres- 
ponding nitro compounds is a general type of reaction. Thus 
for example, these authors have shown that 2,6-dinitro-3-azido- 
azobenzone 167 thermally rearranges to the benzotriazole 



Scheme 1*27 



Scheme 1*28 


^6^5 

O'^O 

C6H5 
16 0 


'^6!i5,w2J 

^o'\ 

I 7 0 

®oT 


0 



C6H5 

161 


A 

C6H5-0 0 

0=1 

^6^5 


162 


S c h e m e 1-29 



derivative, J_72 . A probable mechanism for this conversion 
would involve intermediates like 169 - I 71 as shown in 
Scheme 1,30. These authors have also shown that in a similar 
way , _o-nitro-m-azidoacetophenone ( 273 ) thermally rearranges to 
the isoxazole derivativei 174 (scheme 1,30).^^ 

S 1 

Wittig and coworkers have reported that 3-niethyl-4- 
ph0nylazo-5“phenylisoxazole ( 176 ) on heating is converted to 
2-phenyl -. 4 -bGnzoyl-5-methyl-1 ,2 ,3-triazole ( 177 ) (Scheme 1.31). 

A similar transformation is the thermal conversion of the 
phenylhydrazone of 3 -acetyl- 5 -mett 5 rl isoxazole ( 178 ) to the 
triazolG derivative 179 (Scheme 1 .3o) 

A rearrangement very similar to the transformation of 
the isoxazole 1 78 to the triazole, 179 involves the transfor- 
mation of the 1 , 2 ,4-oxadiazole, I 80 to the triazole derivative, 

181 (scheme 1 . 31 ).^^’®^ 

1-7 SYNTHESES INVOLVING VALENCE ISOMERS 
1 . 7.1 Indole Synthesis 

84 

Schiess and Grioder have reported the formation of 
the indole doi’ivativo) 187 from the reaction of the phenylhydrazine 
derivative 182 with carbonyl compounds containing an -methylene 
group. The formation of 1 87 can be explained in terms of the 
reaction sequence shown in Scheme 1.32. The initially formed 
adduct, 183 undergoes an azac ope rearrangement to give 184 > 
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which undergoes valence isomerization to the dipolar inter- 
mediate 185 . This dipolar intermediate then ultimately gives 
rise to 1 8? . 

1 . 7.2 Pyrrole Synthesis 

3 5 

Baldwin and Basson*” have reported the formation of 
1 -substituted pyrroles in the reaction of 1 ,4_dike tones with 
1 , 2 -disubstituted hydrazines. This reaction can be mechanis- 
tically explained in terms of an initial formation of the 
1 ,2-dihydropyridazine derivative, 1 89 and its subsequent 
valence isomerisation to 1 90 and 1 9 I , ul timately leading to 
the pyrrole derivative 1 92 (Scheme 1.33). It might be mentioned 
here that this reaction provides a ready access to 1 -substituted 
pyrroles. 

1 . 7.3 Oxazole Synthesis 

86 

Galantey and coworkers have reported the formation of 
cxazoles in the reaction of 1 , 2 -dike tone-^-acylmonooximes with 
acetic anhydride. A probable mechanism for the formation of 
these products which has been suggested by these authors, 
involves an initial N-acylation of the oxime to give 1 9^ ♦ A 
heterocope rearrangement of 1 94 would give 1 95 , which on smbeatiuent 
valence isomerisation would give the oxazole 197 (Scheme 1.3^). 

It might be pointed out that the reactions described in 
sections 1.7.1 and 1.7*3 not instances of valence 
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CHAPTKi 2 

THERMAL AND PHOTOCHEMICAL IRANS- 
FORMATIONS OP A FE¥ BISPHENYLAZOALKENES 
AND RELATED SYSTEMS*' 

2 . 1 AB SIR AC T 

THo existGiice of valence tautomeric equilibrium between 

1 ,2 -bisphenylasioalkenes and anhydx’o 1 -phenyl iniino-2 -phenyl -4 ,5- 
disub stitu ted- 1 ,2 , 3- triazol ium hydroxides has been demonstrated 
by their thermal and photochemical fragmentation behaviour s . 

Thus, 1 ,2 -bisphenylazostilbone when photolysed in benzene gave 

2 ,4 , 5- triphenyl -1 ,2 , 3- tr iaz olG . The same triazole- was formed 
when 1 ,2 -bisphonylaz ostilbene was heated to its melting point. 
Similarly, 1 ,2 , 3- triazole s were obtained both in the thermolysis' 
and photolysis of 1 ,2 -bisphcnylazodi(4-chlorophenyl) ethylene 

and 1 ,2 -bisphenylazodi(4-methoxyphenyl) ethylene. Thermolysis 
of 1 , 2 -bisphenylazocyclphexone yie 
2 -ph onyl -4,5- to tr ame thyl one _ 1, 2 , 3 - 
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1 ,2 -bisphenylazocycl ohexeiie» a tnixtui’e of 2-ph.enyl-4,5 — 't'®'fci’3’- 
methylene-1 ,2 ,3- triazole and l-aniiino-2_phenyl-1,'4-,5,6- 
totrahydrocyciohexa [d] -1 ,2 ,3 -triazole were obtained. Both 

2 , 3 -t»isphenylazo-2 _bu tene and 1 ,2 -bisphenyl azoethylene failed 
to undergo either thermolysis or photolysis, under similar 
conditions. However, when photolysed in presence of hydrochloric 
acid, bisphenyl azo -2 -butene gave 2 -phenyl -4 , 5 -dim ethyl -1 ,2,3- 
triazolo. The formation of triazolos in the above mentioned 
reactions has boon explained in terms of the valence isomers 

of those bisphonyla.zoalkGnQs , namely, anhy dr o-l -phenyl imino-2 - 

phonyl -4 , 5 -d 1 subs t i tut od-l ,2 , 3-: triazolium hydroxides . _o-phenyl - 

azophonyldiazocyanido under both photochemical and thermal 

conditions gave the expected 2-phenyl-4 ,5-benzo-1 ,2 ,3-triazole. 

oc 

An azomethineimine such as, C-biphenylene-N -(4-chlorophenyl) - 
N -cyanoaz orae thineimine gave 9-f'luorenone(4-chlorophenyl) anil, 
both under thermal and photolytic conditions.. 1,2_Bisphenyl- 
azoacenaphthyl one failed to undergo photolysis and thermolysis 
under similar experimental conditions. However, when it was 
irradiated in methanol, acenaphthenequinone raonophenylhydrazone 
was obtained. 

2.2 RESULTS AND DISCUSSION 

In Chapter 1 wo have cited several examples of valence 
isomerisation of 1 ,3 ,5-hexatriene systems containing hetero- 
atoms like nitrogen, oxygen and sulphur. Also, it has been 



pointed, out that several interesting transformations of these 
systems can be rationalized in terms of their valence isomers, 
which in turn will undergo further transformations depenciing 
on the nature of the starting hetero systems, a trienoid system 
like (_ 2 ) , for example, is capable of undergoing valence l,someri- 
sation and structures like ( 2 ), ( 3 ) and ( 4 ) could represent 
some of the possible isomers ( Scheme. ^ . Is ) V 

In a detailed investigation on the photochemical tranS.^ 
formation of sydnones and related systems, Angadiyavar and 
George have shown that 1 ,2.-bisphenylazostilbenes could be 
involved as intermediates in these reactions. Thus, for example, 
the formation of 2 ,4 ,5-triphGnyl-1 ,2 ,3-triazolG in the photolysis 
of N , C-diphenylsydnone ( 5 ) has been rationalised in terms of the 
intermediacy of 1 ,2 _bi sphenylazostilbene (_10) . It has been 
suggested that N, C-diphenylsydnone undergoes an initial photo- 
chemical fragmentation to diphenylnitr ileimine (^) which subse- 
quently dimer isGS to the bisazoalkene (10) . The bisazoalkene 
( 10 ) can then undergo a valence isomerization to anhydro 1 -phenyl- 
imino -2 ,4 , 5 -triphenyl -1 ,2 , 3 -triazolium hydroxide ( 11 ), which in 
turn can lose phenylnitrene leading to the triazole ( 13) . The 
anhydro iminotr iazolium hydroxide ( 11 ) could al so be formed 
directly through a 1 , 3 -dipolar cycloaddition of diphenylnitr ile- 
imine ( 8 ) with another nitrileimine moiety (Scheme 2.2). 

Similarly, the formation of the triazole ( 13 ) in the photochemical 





transii ormation of j 5“diphenyl tetrazol e (6^ has also been 
explained in terms of diphenylnitriieimine (8) and 1,2_bis- 
pheni'-lazostilbeno (_lo) intermediates , 

The object of the pi-esent investigation was to examine 
the thermal and photochemical transformations of a few repre- 
sentative examples of bi sasoallcenes to see whether they 
undergo valence isomerisation to the corresponding imino- 
triazolium derivatives and also to examine the nature of 
prodtjicts formed ixx these reactions. 

One of the possible methods for the preparation of bis- 

phenylazoalkenes is tlirough the oxidation of 1,2 -diketone 

3 

bisphenylhydrazone s Considerable controversy exists in the 

literature conccr’ning the oxidation products of bisphenyl and 

4 5 

bisbbnzoyihydrazones of 1 ,2 -diketones (j4 ,J_5) • pechmann 

had 1 ' op or ted that the oxidation of bisphenylhydrazones of 

1 ,2 -dik atones give intensely coloured products, which were 

designated Ocirlier as 2 , 3 -dihydro~1 , 2 , 3 ,4- tetrazines ( 12 ') . The 

oxidation of b isbcnzoylliydraz ones of 1 ,2 -diko tones , on the other 

hand, gave colourless products which were also assumed to be 

di hydro to ti’azino derivatives. Subsequont studies have shown that 

the oxidation products of bisphenj'-lhydrazones of 1 ,2 -diketones 

are in fact bisphenylazoclefinc s (_10) and not dihydro tetrazines 
/ 6-8 9-12 

(JL^) • Curin and co-workors'^ have shown that the corres- 

ponding products in the oxidation of bi sbenzoylhydraz ones of 



1 ,2 -dike tones are correctly represented as enol benzoates and 

that those enol benzoates (j_7) undergo ready rearrangement to 

dibenzoyl derivatives of N-aminotri azoles ( 18) , presumably, 

through a four -member ed cyclic transition state. Quite recently, 

Petersen and Heitzer*^ have, on the basis of high resolution nmr 

studies, shown that the product obtained from the oxidation of 

biacetyl bisbonzoylhydrazone exists as the mesoionic anhydro 

1 -benzoylimino - 2 - benzoyl -K ,5-dimethyl-1 ,2 ,3 -triazolium hydroxide 

l4 

(Jj6) . Katritzky iind coworkers have questioned the assignment 

of such mesoionic structures to the oxidation products of bis- 

benzoylhydrazones . Those authors, however, concede that such 

mesoionic structures may be probable in the case of ortho- 

bisazo compounds in which one of the azo groups is electro- 

1 

plnJlically substituted. ' Thus, it has been pointed out that a 
bisazoalkene such as _o-phenylazophenyldi azocyanide (J_2.) could 
exist in the mesoionic form (2j0) (Scheme 2.3) • 

It har. been possible for us to show that bisphenylazo- 

alkenes (jo) aro capable of undergoing 1,3-dipolar cycloaddition 

”1 6 *1 *7 

reactions with different dipol arophil ©s (see, Chapter 3). ’ 

Those reactions aro boat explained in terms of the phenyl imino- 
triazolium hydroxide structures (11), which are essentially 
valence isomors of the starting bisazoalkenes ( 10) . It is 
pertinent to observe hero that all the three structures ( 10 ) , 

(11) and (_12) , which have boon suggested for the oxidation 
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products of bi^henylhydrazones of 1 ,2 -dike tones are valence 
isomeric forms of the same confound. 

The iminotr iazolium hydroxides (JJ,) are essentially 
aasomethineimines and as such one would expect them to undergo 
reactions typical of azomethineimines , Azome thineimines , in 
general, are reported to undergo different types of transfor- 
mations, both under thermal and photochemical conditions, 
depending on their structural features. Thus, for example, 
trimethyl amine -N-acylimine such as (2_1_) and pyridine -1 -benzoyl - 

imine (2^) have been reported to undergo N-M bond cleavage, 

1 8 ^0 

on heating to give the parent amines (Scheme 2.4) , ~ On 

the other hand, an azome tliineimine like (2_3) undergoes a 

21 23 

thermal cyclisation to give (24) , ^ 

The photochemical transf ormations of azome thineimines 

like pyridino-N-imines (2_5) are reported to give diazepine 

24 

derivatives (2^). In some cases, heweverj products corres- 
ponding to amination at the ortho-position have also been 
24-26 

observed, The formation of diazepines in these reactions 

has been ■ explained in terms of a bicyclo [4,1,0] intermediate 
(26 ) , which undergoes subsequent ring opening to give the 
diazepino (^7) (Scheme 2 . 3 ). Alternatively, a dyotropic 
reaction of the, same bicyclic intermediate (26.) would result 
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in the or tho-aminated pr oduc t (^) . products corresponding ^ 

to N-N bond cleavage have also been reported in the photolysis 

of pyridine -N -imin© s . ’ Thus, for example, 1-phenylimino- 

2 ,4,6-triphenylpyridine (2^), on photolysis gives rise to 

2 ,4 ,6- triphenyl pyridine (^) with the loss of phenylnitrene 
■ V 25 

(Scheme 2.5). Other examples of the N-N- bond cleavage 
involve the photochemical deamination of (3J_) to give pyridine, 
through the intermediate ( 32 ) and. the formation of (34) from 
(33) 

With a view to establishing whether the intermediate 
involved in the photolysis of N ,C-diphenylsydnone is 
1 ,2 -bisphenylazos tilbeno (jsO) , we have examined the thermal 
and photochemical transformations of 1 ,2 -bisphenylazo- 
stilbono and also of other representative bisphenyl az o- 
alkenes. 

Direct heating of bisphenyl azostilbene (JL2) around 
175-180° gave a 85?^ yield of 2 , 4 , 5_ triphenyl-1 ,2 , 3- triaz ole 
(JL3a) . The same triazole ( 1 3 n) was obtained in a 71^ yield 
when a solution of (_10a) was irradiated in benzene solution 
for 30 minutes. Similarly, 1,2-bisphGnylazodi(4-chloro- 
phenyl) ethylene ( 1 0b) and1,2_bisphenylazodi(4-methoxy- 
phenyl) ethylene ( 1 Q c) on thermolysis gave the corresponding 
triazoles ( 1 3b) and (_1_3c) in 55^ and 89 ^ yields, respec- 
tively. On the other hand, irradiation of benzene solutions 



Scheme 2-5 







of (job) and (TOO) gave (_i3b) and {_13c) in 55?^ and 6o^ yiolds, 
respectively. The formation of. the triazoles (_L3a-c) in these 
reactions can be explained in terms of the initial valence 
isomerisation of the starting bisphenylazoalkenes to the 
corresponding mesoionic anhydro 1 -phenyl imino -2 -phenyl _4 , 5 - 

y ,3_triazolium hydroxides ( 1 1 a-c) and subsequent loss 

of phenylnitrene to give the products (i3a-c) (Scheme 2.6). 


possible attempt to trap the phenylnitrene formed 
in the thermolysis and photolysis of bisphenylazoalkenes (jOa-c) , 
the thermolysis and photolysis of (joa) were carried out in 
presence of solvents like cyclohexene and aniline and also 
cycloQcta-1 ,3_diene. However, in all these cases we could 
isolate only the triazole (J3a) and small amounts (^5^) of 
bonzil bisphenylhydrazone. None of the nitrene insertion 
products could be obtained from these runs (Scheme 2.6). 


In their extensive studies on the oxidation of bisphenyl- 
hydrazones of 1 ,2-diketones, employing manganese dioxide^^ and 
nickel peroxide, George and coworkers have sho^rn that the 
ructures of the oxidation products are very much dependant 
on the nature of the starting bisphenylhydrazones and also the 
reaction conditions. Thus, bisphenylazoethylenes have been 
reported to be formed in the oxidation of bisphenylhydrazones 
of benzil (_l4a) , 4,4- -dichlorobenzii (j4b) , 4 ,4 ' -dimethoxy- 
benzil (J4c), giyoxal (j4d)_ and biacetyl (i4e) . Small amounts 
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of triazoles ( 1 3 3 --C ^ have also been formed, as side products 
in the oxidation of (j4a-c) . In the oxidation of biacetyl 
bisphenylhydrazone (j_^e) , methylglyoxal bisphenylhydrazone 
methylphenylglyoxal bisphenylhydrazone ( 1^ g) , the 
formation of phenyl az op yraz ole s ( 35a-c') has also been observed. 
The oxidation of phenylglyoxal bisphenylhydrazone ( 36 ) , on the 
other hand, gave a mixture of products consisting of 2 , 3 , 5 , 6 - 
tetraphenyl -1 ,2 ,4 , 5- tetraazapentalene (37) and 2,4-diphenyl- 
1 , 2 , 3 - triazole (_38) (Scheme 2.7).^ 

The bisphonylazoalkenes formed from the oxidation of 
bisphenylhydrazones of 1 ,2 -.diketones can have either a cis or 
trans geometry around the carbon-carbon double bond. So far, 
no attempt has been made in assigning the stereochemistry of 
these bisazoalkenes . It is, however, reasonable to assume 
that in the absence of overriding steric constraints, the 
bisphenylazoalkenes will exist in the trans form which is 
thermodynamically more stable. It is also reasonable to 
assume that the valence isomerisation of bisphenylazoalkenes 
will be more pronounced in the case of the cis-isomers than 
the trans ones, if other factors are not involved. ¥ith a 
view to testing the validity of these assumptions, we have 
examined the thermal and photochemical transformations of two 
representative oxan^les of bisphenylazoalkenes, namely, 
bisphenylazccyclohoxene (_^) and 2 ,3-bisphenylazo-2 -butene ( iQe) . 
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Of these two bi sphenylazoalkenes , (40) will have a cis- 
c onf iguration due to the built-in structural constraints, 
vt/hereas, (_l0o) may have either a cis or trans -configuration. 

1 ,2 -Bisphenylaz ocycl ohexene (,^) > has been prepared during 
the course of the pi-esent studies, by the nickel peroxide 
oxidation of cycl ohexene- 1 ,2 -diorie bisphenylhydrazone ( 39) 
in a 82^ yield. Direct heating of (4o ) around l4o° for 2o 
minutes gavo a l4^ yield of a product, identified as 2-phenyl- 
4 , 5- totramothylono-l ,2 , 3- triazole (42 ) . The photolysis of 
( 4o) in benzene solution, however, gave a 28^ yield of the triazole! 
(42) (Scheme 2.8). In addition, a 5'^ yield of a product melting 
at 136 ” and isomeric with (4o) was obtained which has been I 

identified as 1 -anilino-2 -phenyl -1 ,4 , 5 ,6 -tetrahydr ocyclohexa- 
[d] 1 ,2 ,3 - triazol e (43) , on the basis of analytical results 

and spectral data. The nmr spectrum of (43) showed a broad 
multiplet in the range of 7. 0-8.0 6 (10 H) due to phenyl 
protons, and complex multiplets centered around 2.15 & (4 H) 
and 2 . 95 S (2 H) , respectively, due to the methylene protons. | 

In addition, the spectrum showed a multiplet atround 4.35 S 
(l H) duo to the vinylic proton and a broad singlet around 
3.75 6 (1 H) due to the NH proton. The signal at 3.75 6 ; 

disappeared on D 2 O exchange, confirming the presence of the 
NH proton in (4^) . 

Both 1 ,2 -bisphenylaz oethylene ( 10 d) and 2 ,3-bisphenyl- 
azo-2_butone ( Tp e) failed to undergo either thermal or 
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photfocliemical tx’ansjE'oi'mation to give the expected triazoles. 

The inertness of these bis phenyl azoalkenes can be understood 
if wo assume that they have the trans geometry and that the 
cis-trans isomerisation may not be very facile, under the 
reaction conditions. it might be mentioned in this connection 
that 2 , 3 -bisphenylazo-2 -butene (jjOe) is reported to undergo 
an acid-catalysed transformation to 2 -phenyl -4 , 5 -dime thyl - 
1 ,2 , 3- tr iazolG (j^) . It would be reasonable to assume that 
in presence of the acid catalyst, (jOe) undergoes a cis-trans 
isomerisation through the protonated species (44) , and finally 
is convurtod to the triazole (42) , through the cyclic inter- 
mediate (4^) (scheme 2 . 9 ). 

During the course of the present investigation, we have 
attempted the photolysis of a bisphenylazoalkene such as ( iQe) , 
in presence of dry HCl , with a view to ascertaining whether the 
triazol© (^) will be formed under these conditions. Irradia- 
tion of a benzene solution of JIOs, through which dry HCl gas 
was bubbled, for 5 minutes resulted in the formation of a 55^ 
yield of the triazole (^) . The formation of (^) in good 
yields under these conditions would strongly support the 
mechanistic pathway outlined in Scheme 2 . 9 . 

Further evidence for die isomerisation of 2 ,3 -bisphenyl - 
azo- 2 -buten© ( iQe) in presence of acid was derived from nmr 

Thus, when the nmr spectrum of (jlOe) was determined 


studi es . 





in CDCI.j, it showed a sharp singlet at 2.65^ (6 H) due to the 
methyl protons and multiplets around 7.606 (6 H) and 8.10 6 
(4 H) , due to the phenyl protons. However, when the spectrum 
of ( IQo) was determined after adding a drop of HCl to -the 
CDC1.J solutions, the absorption positions showed significant 
changes (Pig. 2,1^. The phenyl protons, for example, appeared 
as a bx' o«i,d multiplet spi'ead over the range of 6.80 6 and 8.10 6 . 
The mothyl gx-oups, however, appeared as a singlet around 
^*55 6 (6 H) . In addition, the spectrum showed a broad singlet 
around 8.70 6 (1 H) due to an NH proton. The nmr spectral 
details of (jOo) in presence of acid would indicate that the 
protonated species like (44) and (45') may bo present in equili- 
brium. 

It is intorosting to note that 1 ,2-bisphenyl azoethylene 
(_1_2d) failed to undergo the expected photochemical and thermal 
fragmentation to 2_phonyl-1 ,2 ,3-triazole, even in presence of 
an acid catalyst, suggesting thereby that the cis-trans isomeri- 
sation of (jn^) taking place under these conditions 

to any appreciable) extent . 

In continuation of our studies, we have examined the 
thermal and photochemical transformation of a bisphenylazoalkene 
such as 1 ,2 -bisphenylazoacenaphthylene (j^) . Direct heating 
of ( 47 ) as in the earlier cases did not give rise to any 
triazole. However, when (^) was photolysed in a mixture of 
methanol and methylene chloride, a 17^ yield of ac enaphthene- 





quinone monophenylliydrazone (5J.) was obtained. The exact 
mechanism of this transformation is not clear. However, one 
of the possibilities would involve the addition of methanol 
under photolytic condition to , to give (^j;_8) which will 

homoly tically fragment to (^) and then ultimately be converted 
to (.^) 5 perhaps through an intermediate like { 30 ^ (Scheme 2,lo). 

In continuation, we have examined the thermal and photo- 
chemical transformations of two related azomethine imines, 
namely, _o-phGnylazophenyldiazocyanide which can exist as 
anhydro 1 -cyanoiinino-2_phenyl -4 , 5-benzo-1 ,2 , 3- triaz ol ium 

/3 

hydroxide (_1^) and C -biphenyl ene-N -(p-chlorophGnyl)-N - 
cyanoazome thineimine ( 53) . Heating of ( 1 9) in the absence 
of any solvent around 150-l6o° for 3 hr gave a 47^ yield of 
a product melting at 110° and identified as 2_phenyl-4,5- 
benzo-1 ,2 ,3- triazole { 5 ^- The same triazole (5^) was 
obtained in a 55^' yield when a benzene solution of (j^) was 
phctolysed f or 2 hr. The thermal transformation of 53 > 
however, gave a mixture of products consisting of 9-f'lnore- 
none (4-chlor ophenyl) anil (5^) and 9-ilnorenone (55) • Photo- 
lysis of (^3) ) on the other hand, gave a much better yield of 
( 54) (Scheme 2.11). 

The formation of the triazolo (^2) and the anil (54) 
in the reactions of (_1_2) (j53) , respectively, may be 




rationalised in terms of the loss of cyanonitrene from the 
starting azomethineimines . However, our attempts to trap 
this nitrene In these reactions have not been successful. 

The formation of 9-fl^ojC'enon6 (5^) in the thermolysis of (^£9) > 
on the other hand, may be due to a hydrolytic fragmentation 
of the anil (55) > under the reaction conditions, or subsequent 
work-up of the reaction mixture. 

2 . 3 EXPERIMENTAL 

All melting points are unc csrr ec ted . All irradiation 
experiments were carried out using a Hanovia, medium-pressure, 
mercury lamp (450 ¥) . Nmr spectra were recorded on a Varian 
a6oD, nmr Spectrometer and infrared spectra on a perkin-Elmer 
Model 521 , Infrared Spectrometer, 

Starting Materials 

Oxidation of the corresponding 1,2_diketone bisphenyl- 
hydrazones employing nickel peroxide as per a reported proce- 
dure^ gave 1 ,2 -bisphenylazostilbone (j_0a) , ntp 179 ° (6o^) , 

1 ,2-bisphenylazodi(4-clilor ophenyl) ethylene ( iQb) , mp 2o5° (87^) > 
1 ,2-bisp hen ylazodi( 4 -math oxyphenyl ethylene (_lOc) , mp 175 ° ( 31 '^), 
1 ,2 -bisphenyl azoethyl one, ^^9° (93'!^}, 2 .^3-bisphenyl - 

azo-2 -bu tene , (jlOe) , mp 159° (85^) 1 ,2 -bisphenylazo- 

acenaphthyl ene ( 47 ), mp 180 ° (96%). _o-phenylazophGnyldiaz o- 
15 ^ 

cyanide (j_2,) > 158° { 60 %) and C-biphenylene-N -(4-chloro) 

phenyl -N*^-cycuioazome thineimine,^^ mp 194° were prepared by 
reported procoduras. 



preparation of 1 , 2 -Bisphenyl azocyclohexene (40 ) 


A mixture of 4 g (0.013 mol) of eye lohexane-1 ,2 -dione 
bisphenylhydrazone ( 39) and 12 g of nickel peroxide in 200 ml 
benzene was stirred for 4 hr at room temperature. Removal of 
the inorganic material and solvent gave a viscous mass which 
was rocry stallised from a mixture (l:1) of petroleum ether 
(bp 6o-8o) and benzene to give 3-2 g (82^) of 1 ,2 -bisphenyl - 
azocyclohexene (4o) mp 127-128° . 

Anal. Calcd for C, 74.48; H, 6.21, N, 19.31. 

Found C, 74 .6l; H, 6.29; N, I 9 . 31 . 

Thermolysis of 1 ,2 -Bisphenylazo^^^tilbene ( iQa) 

Bisphenylazostilbene (jlOa) , (o.2 g, 0.005 mol) was 
heated around 175 °-l 80 ° in a sealed tube in an oil bath for 
15 minutes and the product mixture was chromatographed over 
alumina. Elution with petroleum ether (bp 6o-8o°) gave 0.13 g 
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( 85 ^) of 2 ,4 , 5- triphenyl -1 , 2 , 3- triazole , ( 1 3 a) , mp 124° (mmp) . 

photolysis of 1, 2 -Bisphenylazostilbene (iQa) 

A solution of 0.2 g of ( IQa) in 175 ml benzene was 
irradiated for 2 hr. Removal of the solvent under reduced 
pressure gave a viscous residue which was chromatographed 
over alumina. Elution wi th petroleum ether (bp 6o-8o°) gave 
0.11 g ( 61 ^) 2 ,4 , 5 - tr iphenyl-1 ,2 , 3- triazole , ( 13 a) mp I24°(mmp) . 



Thermolysis of 1 , 2~BispbGnylazobis(4-.chl or ophenyl) ethylene ( 1 Qb ) 


1 ,2-.Bi3pnenylazobis(4-chlorophenyl) ethylene ( IQb) (0*2 g, 
0*5 mmol) was heated in a sealed tube in an oil-bath around 
205-210° for 1 hr and the reaction product was chr omat cgr aphed 
over alumina. Elution with petroleum ether (bp 6o-80°) gave 
90 mg ( 55^^) of 2 -phenyl -4 , 5 -di-(4 -chlorophenyl) -1^2 , 3- triazole , 
( 13 b) , mp 155 " (mmp) 1 

photolysis of 1 ,2 _Bisplienylasobis(4_chlorophenyl) ethylene ( 1 Qb) 

A solution of ( IQb) (o.2 g, 0.5 mmol) in 175 n*.! benzene 
was irr adia.ted for 1 iir . Subsequent removal of the solvent 
gave a residue which was chromatographed over alumina. Elution 
with petx'o3-Gura ether (bp 6o~8o"') gave 90 mg (55^) of 2_phenyl- 
4 , 5-di~ (4 -chi or ophenyl) -1 ,2 , 3 - triazole , ( 1 3 b) mp 155 ° (mrap) . 

Thermolysis of 1 ,2 -3 isphenylaz obis (4-methoxyphenyl) ethylene (iQc) 

Heating (J_0c) (0.2 g, 0.5 mmol) around 170-180° for 1 hr 

and subsequently chromatographing the reaction product over 
alumina, using petroleum ether (bp 6o-80°) gave 110 mg ( 607 ^) 
of 2-phenyl-4 , 5-di(4 -mothoxyphenyl) -1 ,2 , 3- triazole , (_1_3c) , 
mp 134 ° (mmp) 

photolysis of 1 , 2 -Bisxohonylazobis(4-methoxyphenyl) ethylene (iQc) 
A solution of (jjjOc) (o.2 g, 0.5 mmol) in 175 ml benzene 



was irradiated for 2 hr. Removal of the solvent under reduced 

pressure and chromatographing the residue on alumina, using 

petroleum ether (hp 60 - 80 °) gave 12 mg ( 1 jfo) of biphenyl, mp 

70° (mmp) . Continued elution with a mixture (3:1) of petroleum 

ether (bp 60 - 80 °) and benzene, gave l4o mg ( 89 ^) of 2 -phenyl- 
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4 ,5 -di(4 -tnethoxyphsnyl) _1 ,2 ,3- triazole ( 1 3 c) , mp 134° (mmp) . 

Thermolysis of 1 ,2-Bisphenylazocyclohexene ( 4o) 

Heating 1 ,2 -bisphenylazocycl ohexene ( 4o ) ( 0.29 g, 1 mmol) 
around 125-130° for 1 hr and subsequent chr onatography of the 
reaction product over alumina using petroleum ether (bp 6 o- 80 °) 
gave 2 o mg (l4^) of 2 -phenyl -4 , 5- tetr amethylene-1 ,2 , 3 - tr iazole 
(k2) , mp 89-90°, after recrystallization from petroleum ether 

(bp 60-80°) . 

Anal . Calcd for €^ 2 ^ 13^3 • C, 72.36; H, 6.53; N, 21.12; 
Mol. wt., 199. Found; C, 72.24; H, 6.1; N, 20.75; Mol. wt., 

199 (mass spectrometry). 

The nmr spectrum of (42) in CDCl^ showed raultiplets 
around 1 . 90 S (4 H) and 2.81 6 (4hH) due to the methylene protons 
and at 7-45 <S ( 5 H) due to phenyl protons. 

photolysis of 1 , 2 -Bisphenylazocycl ohexene (4o) 

A solution of ( 4o) (200 mg, 0.6 mmol) in 175 ml benzene 
was irradiated for 8 hr. Removal of the solvent under reduced 



pressure and chromatography of the residue over alumina using 
petroleum ether (bp 6o-80°) gave 10 mg (10^) of biphenyl, tap 
70 (mmp) . Continued elution with the same solvent gave 4o mg 
( 28 ^^) of 2-phenyl - 4 , 5-tetramethylene-1 ,2 , 3- triazol e, (42 ) , mp 
90° (mmp) . 

Fur the 1’ elution with a mixture (l; 1 ) of benzene and 
petroleum other (bp 6o-8o°) gave 10 mg ( 5 '^ of 1-anilino-2- 
phenyl -1 , 4 , 5 ,6 - totr ahy drocycl ohexa'l^dj 1,2,3-triazole ( 43 ) , 
mp 1 36 ° . 

Anal. Calcd for C^gH^gN^: C, 7 ^. ^ 8 ; H, 6 . 20 ; N, 19 - 3 ; 

Mol. wt., 290 . Found; C, 7 ^- 70 ; H, 5 . 9 ; N, 19 . 17 ; Mol. wt., 

290 (Mass spectrometry) . 

The nmr spectrum of ( 43 ) in CDCl^ showed peaks around 
2.15 6 (4 H,m) and 2.95 0 (2 H,m) due to the methylene protons, 
a broad peak at 3.75 6 (1 H) due to the NH proton, a multiplet 
at 4.35 6 (1 H) due to the vinylic proton and a multiplet spread 

over the range of 7 . 0-8 .0 6 due to the phenyl protons (10 H) .. 

The broad peak at 3.75 6 disappeared on D2O exchange. 

Attempted photolysis and Thermolysis of 1 , 2 -Bisphenylazoethylene 
( iQd) and 2 , 3-Si sphenylazo-2 -butene (iQe) 

Heating 200 mg ( 0.83 mmol) of 1 , 2 -bisphenylazoethylene 
(j^d) around l6o° for 4 hr and subsequent work-up as in the 
earlier cases gave I90 mg (95^) of the unchanged starting 





material, mp (mmp) . 

Irradiation for 6 hr of a solution of (jjOd) (200 mg, 
0.83 mmol) in 175 ml beruzene, and work-up as in the earlier 
cases gave 1 80 rag ( 90 ^) of ih e unchanged starting material, 
mp 149 ° (mmp) . 

Similarly, heating 2oo mg (o.78 mmol) of 2 ,3-bi ^henyl- 
azo-2-butene ( lO e) around 170° for 4 hr and subsequent work-up 
gave 175 mg ( 87 ^) of the unchanged starting material, mp 159 ° 
(mmp) . Irradiation of a solution of (JO©) (2oO mg, 0.78 mmol) 
in 175 ml benzone for 8 hr and subsequent work-up gave 185 mg 
( 929 ^) of the unchanged starting material, mp 159 ° (mmp). 

photolysis of 2 , 3-Bisphenylazo-2-butene ( IQ e) in presence of 
Dry Hydi'ogen Chloride 

A solution of 26 0 mg (l mmol) of (jOe) in 175 ml of dry 
benzene was irradiated for 10 minutes while a continuous stream 
of dry hydrogon chloride was passed -through the solution. The 
solution was subsequently washed with water to remove all 
hydrochloric acid and the solvent was removed under vacuum to 
give a product which was chromatographed over alumina. Elution 
with petroleum ether (bp 60 - 80 °) gave 110 mg ( 60 ^) of 2 _phenyl- 
4 ,5-dimethyl-1 , 2 , 3 -tr iazole (f^) j hp l6o°/6o mm, identified 
through a compajcis on of its ir spectrum with that of an 
authentic sanple. 



photolysis of 1 ,2 -Bisphenylazoacen^hthylene (47) 

A solution of kko mg ( 1.5 mmol) of 1 ,2 -bis phenyl azo- 
acenaphthylene (^) in 175 ml of a mixture (l;1) of methylene 
chloride and methanol was irradiated for 6 hr. Removal of the 
solvent gave a viscous residue which when chromatographed over 
alumina gave 55 mg ( 17 ^) of 1 ,2 -acenaphthenequinone monophenyl - 
hydrazone (5_1) , mp 179 - 80 ° (mmp) . 

Thermolysis cf _o-Phonylazophenyldiazocyanide (19) 

Heating 2oO mg (0.85 mmol) of (19) around l50-l6o° for 
3 hr followed by chromatography of the reaction product over 
alumina using petroleum ethor (bp 60-80°) gave 70 mg (^7^) of 

1 5 

2 -phenyl -4 ,5 -benz 0 - 1 ,2 , 3- triazole ( ^2) , mp 110° (mmp). 

photolysis of jj -phenyl azophenyl diazocyanide (19) 

A solution of 200 mg (0.85 mmol) of (_1_2) "'75 ml of 

benzene was irradiated for 2 hr. Removal of the solvent under 
vacuum and chr oraatograph.i ng the residue over alumina using 
petroleum ether (bp 6o-80°) gave 90 mg (55^) of 2-phenyl-4,5- 
benzo-1 ,2 , 3- triazol e (jl2) , mp 110° (mmp). 

oC ' S 

Thermolysis of G-Biphenylsne -N -(4 -chi or ophenyl) -N'^cyano- 
azome thine i mi no ( 53) 

Heating 0.15 g (0.45 mmol) of (53 ) around 200-210° for 
1 hr followed by chromatography of the reaction product over 




alumina using petroleum ether (bp 6o-80°) gave 15 mg (11^) of 
9 _flurenon 0 (4-chlor ophenyl) anil, (^) , mp 150° (mmp) . 
Continued elution with a mixture (1;1) of benzene and petro- 
leum ether (bp 6o-80°) gave 10 mg (12'^) of 9-flurenone, ( 55 ) , 
mp 83-84° (mmp) . 

photolysis of C -Biphenyl ene-N ^-(4-chlor ophenyl)-N-cyano- 
azomethine imino ( 53) 

A solution of ( 53) (0.15 g, 0.45 mmol) in 175 ml benzene 
was irradiated for 2 hr. Removal of the solvent under vacuum 
gave a dark tcirrj'' mass which was repeatedly extracted with 
benzene. Removal of the solvent from the extract and chroma- 
tography of the residue gave 42 mg ( 32 ^) of 9-flurenone- 
( 4-chlor ophenyl) anil ( 54) , mp 15 o° (mmp). 
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CHAPTER 3 

1,3 -DIPOLAR CYCLOADDITIONS OF 
1 , 2 -BISPHEJSTYLAZ OALKENES 

3.1 ABSTRACT 

Bisphenylazostilbene , the oxidation product of 

benzilbisphenylhydr azone , has been shown to behave as the 
mesoionic anhydro 1_phenylimino-2 ,4 ,5-triphenyl _1 ,2 , 3 - 
triazolium hydroxide (^a) , in its reactions with a variety 
of acetylenic and olefinic dipolar ophiles . Thus, 
pyrazolino |2 , 3 _c j |^1 ,2 , 3j triazoles were formed in the 
reaction of ^a with dimethyl acetylenedicarboxylate , 
methyl propiolate and dibenzoylacetylene . Similarly, 


85 



dihydropyr az ol ino j^2 , 3-c J jj ,2 , 3| triazoles were formed in 
excellent yields in the reaction of ^a with dimethyl 
fumarate, dimethyl maleate, trans-dibenzoylethylene , maleic 
anhydride, methyl crotonate, methyl methacrylate, ethyl 
acrylate and acrylonitrile. With phenyl isocyanate and 
phenyl isath^yanate , 2a. gave 1,3,3a,4,6-pentaphenyl-l,2,4_ 
triazolidino , 5-c^ 1^1 ,2 , 3^ tr iazol -5-one and the corresponding 
thione, respectively. With carbon disulphide, the initially 
formed cycloadduct fragmented to give 2 ,4 ,5-triphenyl-1 ,2 ,3- 
triazole, phenyl isothiocy,anate and elemental sulphur. The 
stereospecif icity and r egioselec tivity of these cycloaddi- 
tions have been established by an examination of the nmr 
spectra of a number of these cycloadducts. Study of the 
kinetics of some of these additions has shown that the Eyring 
parameters of these reactions are of the same order as the 
corresponding values in other typical. 1,3-dipolar cyclo- 
addition reactions. Similar cycloaddition reactions have 
been carried out with other 1 ,2_bisphenylazoalkenes like 
1 ,2-bisphenylazcdi(4-chlorophenyl) ethylene (2b) , 1,2- 
bisphenylazodi{4-methoxyphenyl) ethylene (2c) and 1 ,2_bis- ’ 
phenyl az ocyc 1 ohexene (26 ) . The cycloadducts obtained in the 
reaction of 1 , 2 -bi sphenylazostilbene with dimethyl maleate 
and dimethyl fumarate on thermolysis gave, 2,4,5-triphenyl- 
1 ,2 ,3_triazole, in both cases. 



3.2 


REStJLTS AND DISCUSSION 


In Chapter 2 , we have stated that nitrileimines coiild 
undergo dimerization to give bisazoalkenes . Also, we have 
indicated that bisazoalkenes can be conveniently prepared 
through the oxidation of the corresponding bisphenylhydrazones 
of 1 ,2_diketones employing non-stoichiometr ic oxides such as 
nickel peroxide. The results of our studies concerning the 
thermal and photochemical fragmentation of bisphenylazoalkenes 
suggested the possible existence of an equilibrium between 
the different valence isomers of the type shown in Scheme 3.1* 

A structure such as ^ incorporates an azomethineimine 
moiety and as such should be expected to undergo 1 ,3-<iipolcir 
cycloaddition reactions. In view of the synthetic potential 
of such reactions, we thought it worthwhile to make a detailed 
investigation of the reactions of bisphenylazoalkenes with a 
number of acetylenic and olefinic dipolar op hil es . Since the 
equilibrium concentrations of various possible valence 
tautomers are likely to be dependent on the stereochemical 
features of the starting bisphenylazoalkenes themselves, -vice 
have attempted at a correlation between the structure and 
dipolar activity of bisphenylazoalkenes. 

Bisphenylazostilbene has been reported to be formed 
as one of the products of oxidation of benzilbisphenyl- 
hydrazone when nickel peroxide or a mixture of sodium ethoxide 
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and iodine is used as the oxidising agent. 
excellent yields of bisazoalkenes obtained by the nickel 
peroxide oxidation of 1 ,2-diketone bisphenylhydrazones this' 
method was employed in the preparation of all bisphenylazo- 
alkenes which were investigated by us. 

Treatment of bisphenylazostilbene (Za.) with carbon 
disulphide at room temperature gave a 93^ yield of 2,4,5- 
, triphenyl-1 ,2 ,3- triazole (^a) . In addition, a 83^ yield of 
elemental sulphur and 66^ yield of phenyl isothiocyanate were 
also isolated in this reaction. The formation of all these 
pi'oducts can be explained in terras of an initial cyclo- 
addition of carbon disulphide to ^a to give 4a, followed by 
the fr cigraentation of 4a as shown in Scheme 3*2. The formation 
of these products would suggest the existence of a mesoionic 
structure like anhydro 1 -phenylimino-2 ,4 , 5-triphenyl-1 ,2 , 3- 
triazolium hydroxide (3a) . 

Treatment of bisphenylazodi(4-chlorophenyl) ethylene 
(^b) and bisphenylazo di(4-methoxyphepyl).ethylene (^c): with 
carbon disulphide gave the corresponding triazoles ^b and _5c , 
respectively along with phenyl isothiocyanate and elemental 
sulphur (Scheme 3 . 2 ) . 

Treatment of bisphenylazostilbene Za. with dimethyl 
acetylenedicarboxylate in refluxing acetone on the other hand. 



gave a 83^ yield of a 1:1-adduct, mp 184° and identified as 
1 j 3 j 3a ,6 - tetraphenyl -4 , 5 -dicarbome thoxypyr azol ino , 3 - c| jl » 2 , sj - 
triazole (2^)- The nmr spectrum of (X^) (Fig. 3.1) showed two 
sharp singlets at 3.46 6(3 H) and 3.66 5(3 H) , respectively, 
due to the two sets of ester methyl protons. The phenyl 
protons appeared as a multiplet spread over the range of 
6 .70-7 .30 5 (20 H) . The ir characteristics of this pyrazolino- 
triozole and other similar compounds are discussed elsewhere 
in this chapter. 

Similarly, the treatment of 2b with dimethyl acetylene- 
dicarboxylate gave the expected 2 ,6-diphenyl -3 ,3a-di(4-chloro- 
phenyl) -4 , 5-d.icarbome thoxypyr azol ino |2 ,3-c| ,2,3^ triazole 

(^b) . On the other hand, treatment of 2c with dimethyl 
acetylene dicarboxyl ate gave 2 ,6 -diphenyl -3 ,3a-di(4-methoxyphenyl) 
4 ,5 -dicarbome thoxypyr azol ino [2,3- =Jl’ ,2 ,3^ triazole (7,c) 

(Scheme 3.3) . 

The nmr spectrum of 7.6 showed two singlets at 3.70 5 
(3 H) and 3. 90^(3 H) due to the ester methyl protons. The 
phenyl protons appoarod as two sets of multiplets over the 
ranges 7.10-7.80 H) and at 8.50 5(^ • The nmr spectrum 

of 7c showed four singlets at 3.68 5(3 H) , 3-72 5(3 H) , 3.78 5 
(3 H) and 3-92 5(3 H) , respectively, due to the four methoxy 
groups present in T^c. The phenyl protons appeared as two sets 
of multiplets, one spread over the range 6,58-7.75 5(l6 H) and 
the other around 8.58 5(2 I^) • 




Fig. 3*1 .spectrum (100 Mir) of l,353aj6-Tetraphenyi~4,5“<31carPomethoxy 

pyrarolino[2,3“c] [l,'?,3]trlaz.ole (7a) 



Reaction of methyl propiolate with Za. gave a yleXd 

of 1 ,3,3af6-.tetraphenyl-4-.carbomethoxypyrazolino ^ ,3— c|| ,2,3|'" 

triazole (^si) . The corresponding 1 y6-diphenyl-3 5 3^**“<^i^yh-^- 
carbometho^^ypyrazolino [ 2 , 3 -cj |l , 2 , 3 ^ triazole s, ^b and were 
obtained in 55% and 38 % yields from the reaction of methyl 
propiolate with 2h and ^c respectively (Scheme 3.3)- 

The nmr spectrum of one of the representative adducts, 

_ 8 b (Fig* 3.^)y ^OT example, showed a singlet at 3*63^ (3 H) 
due to the ester methyl protons and a multiplet spread over 
the range of 7 * 00 - 8.80 ^(18 H) due to the aromatic protons. 

In addition, the spectrum showed a singlet at 8.58^ (l H) due 
to the vinylic proton at -position. An alternative struc- 
tural representation for the adduct formed in the reaction of 
^b with methyl propiolate is _ 8 b * , arising through a different 
mode of addition (scheme 3-5) • With a view to dist inguishing 
between these two structures, have compared the chemical 
shift of the vinylic proton in this adduct with the chemical 
shifts of the vinylic protons in analogous^ -amino -csC,^ -unsaturated 
carbonyl systems. Table 3*1 summarizes the chemical shifts of 
bothCC hnd^ protons in some r epre sen tative^-j -amino OC 
un saturated carbonyl systems. 

From Table 3.1 » it is clear that the 5-proton in each 
of these enamines is shifted more down-field when coiapared to 



Tabl e 3 > 1 


Chemical Shifts o£ cC and protons in Some -Dimethyl amino « 

4 5 

saturated Carbonyl Systems ’ 


C omp ound 

Chemical 

Shift in ppm 

OC -Proton 

_ proton 

( CH^ ) 2N-CH=CH-CH0 

5.7* 

7 . 12* 

CHO 

(CH^)2N-CH=C-CH^ 


00 

• 

\D 

0 

, It 

( CH^ ) -CH=CH -C -H 

4.87* 

6.97* 

0 

(GH^)2N-CH=CH-C-C^H^ 

5.57 

7.6o 

0 

, II 

(CH_) „N-CH=CH-G-OC^H. 

4.36 

7.29 

GH„ 0 

. 1 ^ ll 

GxH_-N-CH=GH-C-OCH„ 
o 5 3 

4.85 

7 .82 


*Tbe authors have not specified the stereochemistry about 
the C=C bond, in these compounds. 





the cC The rather large down-field shift of the vinylic 
proton in our adduct would suggest that structure _8b correctly 
represents this compound. 

Similarly, the noir spectrum of _8c showed a singlet at 
8 . 63 ^ due to the vinylic proton at C^-position. In addition, 
the spectrum of &c showed a singlet at 3*^^^ (3 H) due to the 
ester methyl protons, a multiplet spread over the range 6 * 92 - 
8*l6S (18 H) due to the aromatic protons. The two methoxyl 
protons attached to the phenyl groups at and C^^-posi tions 
appeared together as a singlet at 3*92 &(6 H) . Table 3*2 
suimnarises the nmr spc-ctral features of these adducts. 

The formation of products like ^^.-c in the reactions 
of 1 ,2-.bisphenylazoalkenes with an asymmetrically substituted 
dipolar ophilG such as methyl propiolate, would indicate that 
these reactions are proceeding in a r egioselec tive manner 
such that the negative end of the intermediate 1,3~hipolar 
system is getting bound to the most electrophilic center of 
the dipolar ophile. 

The reaction of bi sphenyl azo stilbene (^a) with dibenzoyl - 
acetylene gave a 64^ yield ot the 1:1-adduct, 1 , 3 ,3a,6 -te tra« 
phenyl-4 ,5-.diberiZoylpyrazolino |^2 ,3-c| ,2,3j triazoie (^) . 

The structure of this adduct was confirmed on the basis of 
analytical results and spectral data. 





Tabl e 3 . 2 ( , . . C on td 



Dial s- Alder additions, 1 ,3-dipolar cycloaddition reac-. 
tions and various other concerted processes are characterised 
by their s tereospecific ity . ¥e have, in ccntinuation of our 
studies, examined the reaction of bis phenyl az os til bene 
with olefinic substrates with a view to unders tanding the 
stereochemical outcome of these reactions. Treatment of 2a 
with dimethyl maleate in acetone medium gave a single 1 si- 
adduct (79^) j identified as cis-4,5-dicarbomGthoxy-1,3,3a,6- 
tetraphenyl -4 ,5-dihydropyrazolino|^2 , 3 ^ triazole (J^a) . 

The nmr spectrum of jOa (Fig. 3*3) showed two singlets at 
3.69 b(3 H) and 3.07 0(3H) respectively, due to ester methyl 
protons. Tho signal due to the phenyl protons appeared as 
three sets of multiplets at 6.67 H) , 7.17 S(^ H) and 

8.00 ^(2 H) . The two tertiary protons appeared as two sots 
of doublets at 3.88 b(l K) 4.41 <S ( 1 H) , respectively 

(j = 9.7 Hz). The dihedral angle calculated from the coupling 
constant using the modified Karplus equation, 

JjjH = 0.985 - 2,975 cos 0 + 15.488 cos^ 0 

comes out to be 32 °, thereby indicating that the two hydrogens 
are cis with respect to each other, as would be expected in a 
stereospecific addition of 2a to dimethyl maleate. 

Reactions of both 2h and 2c with dimethyl maleate gave 
the corresponding stereospecific addition products, cis-4,5- 
dicarbomethoxy -1 ,6_diphenyl-3 ,3a— di(4-chlorophenyl) -4,5- 




Nmr Spectrum {100 Miz) of cls~4,5-dlhydro~^ , p-dlcarbomo thoxy 
IsSjBf j6-tetraphersyloyrazolino [2,3-cJ [1,25^ triazole (l^Oo) 



dihydropyrazolino |2 , 3-c j |i ,2 ,3^ tr iazole ( 1 0b') and cis-4,5- 
dicar borne thoxy-1 ,6 -diphenyl _3 ,3a-di(4-methoxyphenyl)4 ,5- 
dihydropyrazolino [ 2 , 3_cJ ,2 ,3j triazole (jlOc) , respectively. 

The coupling constants between the protons at and Op- 
positions in these adducts are about 10 and 9 Hz, respectively. 
The calculated dihedral angles in 1 Q b and IQc would correspond 
to 30 ° and 35°, respectively. These dihedral angles would 
suggest that both these adducts have the cis stereochemistry. 

Treatment of bisphenylazostilbene (_2a) with maleic 
anhydride gave a 72 ^ yield of the- cycloadduct, 1,3,3a.,6- 
totraphGnyl-4 ,5-dihydr opyr azolino |2 ,3-c^ [l ,2,3^ triazol.e-4 , 5 - 
dicarboxylic anhydride ( 1 1 . The ir spectrum of (11 ) showed 
two strong absorption bands at 1850 and 1790 cm , charac- 
teristic of a five membered dicarboxylic anhydride. 

The reactions of the bi sphenylazostilbenes , ^a-c with 
dimethyl fumarate gave the corresponding trans-4 , 5-dicarbo- 
methoxy-1 ,6 -diphenyl-1 ,3a-diaryl-4 , 5-dihydropyrazolino 
^2,3-cJ [ 1,2 ,1^ triazoles ( 12a-c) , as would be expected in a 
stereospecif ic addition. Similar tr ans -adduc ts J|_3 and were 
obtained in the reaction of ^a with methyl crotonate, and 
trans-dibenzoylethylene , respectively. The coupling constants 
between die tertiary protons at and Cp-positions in the 
adducts _1^a-c , _1_3 and _1_4 were observed to lie in the range of 
5 . 0-6 . 5 Hz. The computed dihedral angles in all these cases 



lie in the range of 110°-125°, thereby indicating that these 
protons are trans with respect to each other, in each case. 

Table 3-3 summarises the nmr spectral data of these adducts. 

Having established the stereospecificity of these 
addition products, our next objective was to investigate the 
r egioselectivity in the reactions of ^a-c with unsymme trie ally 
substituted olefinic dipolar ophile s . Wi th this view, we have 
examined the reactions of 1 ,2_bisphenylazoalkenes, 

^a-c with ethyl acrylate ard. acrylonitrile. Treatment of ^a 
with ethyl acrylate and acrylonitrile gave the corresponding 
cycloadducts _ 1 _ 5 a eind _ 1 ^a, in 76^ and 82 ^ yields, respectively, 
Similar 4 , 5 -dihydr opyrazolino|^ 2 , 3 -cJ triazoles, 1 5 h and 

1 5 c and 16 b and _1^c were obtained in the reactions of ^b and 
2 c with ethylacryl ate and arylonitr ile , respectively. The 
structures assigned to all these adducts are supported by their 
nmr spectral characteristics. The nmr spectrum of J_ 5 a- (Fig. 3 .^) 
showed a triplet at 0.70 S (3 H) due to the CH^ protons of the 
ester ethyl group. The methylene protons at and the ester 
methylene protons appeared together as a multiplet at 3 •'•2 ^ 

(4 H) . The signal due to the tertiary proton at appeared 
as a triplet at 3.79 b ( 1 H) . The nmr spectrum of tiie acrylo- 
nitrile adduct 16 b (Fig. 3 . 5 ) showed a complex multiplet over 
the range 6,90-8.60 b(l8 H) due to the aromatic protons and a 
second multiplet over the range, 3. 5-^. 5 h (3 H) , assigned to 
the methylene and methine protons, at and respectively. 






Table 3 - 3 ( • .Contd 








The reaction of the bisphenylazostilbene , 2a with 
methyl methacrylate gave 4-methyl-4-carbomethoxy-1,3>3aj6- 
tetraphenyl-4 ,5-d.ihydropyrazolino |2 ,3-cJ [l i2,3j triazole (j_7) • 

The nmr spectrum of (Fig. 3.6) showed two singlets at 
1 .5^ ^(3 H) and 3-08 S(3 H) , due to the CH^ group and the 
ester methyl group, respectively at the G^-position. The 
geminally coupled protons at C^-positions appeared a% two 
doublets at 3*58 S ^•nd 4.59 ^(J = 11.48 Hz), respectively. 

The formation of the adducts Jl^a-c , _1^a-c and 17 ia 
the reactions of ^a-c with different unsymme trie ally substi- 
tuted olefinic dipolarophil es would suggest that these 
addition reactions proceed in a regiosel ective manner and 
that the negative end of the intermediate dipole (^) is 
getting attached to the carbon atom which is with respect 
to the electrophilic ester or cyano group in each of the 
dipolar op hiles like ethyl acrylate, acrylonitrile and methyl 
methacrylate (Scheme 3.4). Such regio selectivity in 1,3- dipolar C 37 CI 0 - 

addition reactions has been reported earlier by Ikiisgen and 

7-9 

coworkers in several cases. 

In continuation, we have examined the cycloadditions of 
the bisphenylazostilbenes, 2a.-c to dipolarophile s containing 
cumulative double bonds such as phenyl isocyanate and phenyl 
isothiocyanate. Treatment of 2a. with phenyl isocyanate gave 

triazol _5-one (_1_8a) . Under similar cond^itions, the reaction 


1 i3 , 3 a, 4 ,6 -pen taphenyl-1 ,2,4 - triaz olidino |l j 5-c]| [l ,2,3 



Scheme 3-4 
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of _2a with phenyl isothiocyainate gave the corresponding 
thione (Scheme 3.5) • Similar adducts I8b-c and 

1 9 h-c were obtained in the reactions of ^b and ^c with 
phenyl isocyanate and phenyl i so thiocyanate^ respectively . 

The ir spectra, of the adducts J^a-c contained two absorption 
bands around 1720 and 1590 cm~\ characteristic of a five- 
member ed cyclic ureide, whereas the spectra of the adducts 
J|_2a-c showed absorption bands around 1580 and 1^90 cm , 

10 

in each case, characteristic of f ive-member ed thioureides 

With a view to obtaining some additional chemical 
evidence for the structure of these adducts, we have examined 
the thermolysis of two 4 , 5-dihydr opyrazolinotriazoles , iQ a 
and _l2a. Heating _10a to around '200° for 15 minutes resulted 
in the formation of a 87^ yield of 2 ,4 ,5-triphenyl-1 ,2 ,3- 
triazole (^a) . The same triazole was formed in 80^ yield 
in the thermolysis of J^a also. A possible mechanism for 
the formation of the triazole is given in Scheme 3 , 6 . 

However, our attempts to trap the mesoionic species 2^ or 
its rearranged products were unsuccessful. It is probable 
that under our reaction conditions, a species such as 2o 
would be undergoing further fragmentation to intractable 
pr oduc ts . 

The ultraviolet spectra of pyrazolinotriazoles, 
and dihydr opyrazolinotriaz ol es, 10-17 were characterised by 
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three absorption maxima. In the case of pyrazolinotriazol es , 
7^-^ which are derived fran acetylenic dipolar ophiles, the 
absorption maxima were observed airound 250, 305 and 370 nm, 
whereas in the case of dihydr opyraz olino triazole s , (_10)-(_17) » 

the corresponding maxima were observed arcxind 250, 290 and 
330 nm. In Table 3.h, we have summarised the electronic 
spectral details of some of those derivatives. 


The infrared spectra of pyrazolino j^2 ,3-cJ ,2 , 3| - 

triazoles and dihydropyrazolino|2 ,3-cj ,2 ,3j triazol es, 

1 0 -17 showed a number of characteristic absorption bands. 
Table 3.5 summarises some of the prominent absorption peaks 
in these adducts. In the case of the pyrazolino [ 2 ,3-c| ,2 

triazoles ^a and ^a, for example, several absorption peaks 
were observed in the region of 1730, l 675 , 1570, 1^80, 1^50 

1245 , 775 and 760 cra“ . The 1730 cm” band was assigned to 
the estei’ C=0, stretching vibration. 



9 


Cook and Clmrch have assigned the bands in the 
region of 20 OO-I 650 cm in the ir spectra of heterocyclic 
compounds, as due to the overtone and combination frequencies 
of the out-of -plane C-H bending modes of benzenoid hetero- 
cyclic compounds. The bands appearing in the region 1570- 
1675 cm , in pyrazolino and dihydr opyraz olino |^2 ,3- cKeaal- 
triazoles may be due to this mode and/or a combination of 
this mode with the C=N stretching vibrational modes. 
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Ring stretching vibrations in five-member ed rings 


-1 


14 


appear as three bands around 1590 , l490 and l4oo cm , 

1 2 

respectively and the corresponding values for 1,2,3- 

-1 . 13 

triazoles are 152 o, l450, and l400 cm” , respectively. 

On the other hand, in a condensed ring system like indole, 

-1 

these bands appear around l46o, l42o and 1350 cm . For 
1 5 

quinazolines , the corresponding band positions are xn 

the range l628-l6l2, 1584-1566 and 1517-1^78 cm”\ respectively 

In the ir spectra of pyrazolino and dihydropyrazolino|2 , 3“c| 

[l , 2 , 3 ] triazoles, throe bands were observed in the region of 
1575 - 1475 , 1480-142o and 1450-1310 cm"\ These bands are 
likely to be due to the ring bending vibrations of the 
condensed pyrazolino and dihydropyraz olino ^2 , 3-c^ [l,2,3^- 
triazole systems. A series of characteristic bands appearing 
in the range of 1245-950 cm”^ have been 3-ssigned to the in- 
plane C-H deformation and ring-breathing modes. On the 

-1 

other hand, the bands in the range 785-730 cm may be due 
to the C-H, out-of -plane deformations. These assignments 
are consistent with band positions reported for a number of 


heterocyclic compounds 


7,9 


Having established the s ter eo specif icity and 
r egiosel ec tivity of the addition of dipolarophiles to the 
bisphenylazostilbenes 2a-c, we then attempted to investigate 
the kinetics of some of these addition reactions. It has 



been generally recognised that cycloadditions and other 
concerted processes, which involve ordered transition states 
proceed with relatively low energies of activation. The 
entropy of activation of such processes are large and 
negative in sign as is to be expected when the transition 
states are more ordered, than the starting reactants. 

The anhydro iminotriazolium hydroxide _3a, probably 
in equilibrium with the bisphenylazos til bene (^a) has a 
characteristic absorption maximum at 4o4 nm (^•~' 1200 G) 
whereas, neither the dipolarophiles nor the corresponding 
cycloadducts show any absorption in this region. Hence we 
could conveniently follow the progress of the addition reac- 
tion, spec trophotome trie ally , by measuring the rate of 
decrease in intensity of this absorption maximum. In each 
case, a known excess ( 80 O-IOOO times) of the dipolar ophil e 
was taken. Plots of the logarithm of optical density against 
time gave very good straight lines. The pseudo-first order 
rate constants were determined from the slopes of these lines 
and the second order rate constants were computed from these 
results. The values of energy and entropy of activation 
were determined in the usual way. Table 3-6 summarises the 
kinetic data of some of these addition reactions. 

As is evident from Table 3.6, these reactions proceed 
with relatively low activation energies and rather large 



Table 3 >6 , t. 

Kinetic D ata Tor tlie Reaction of Bi sphenyl az o s t il bene (^a) 
i^ith Di fferent Dipolar op liil es"^ 


Dip ol ar opnil e 

Rate constant 
at 30 '-C 

(litre tnol” sec~ ) 

kc al mol ^ 

eu 

1 ) Dime tli y 1 ac e ty 1 en e 

2.16 X 10 ~^ 

9.0 

-34 

die arboxyla te 




2 ^ Methyl propiola.te 

2.692 X 10”^ 

5.6 

-49 

3 ) Dimethyl maleate 

1 .485 X 10"^ 

9.5 

-36 

4 ) Dime thyl fumarate 

2.59 X lo'^ 

8.0 

-38 

5 ) Ethyl acrylate 

_4 

1 . 52 1 X 10 

13.5 

-34 

6 ) Methyl methacrylate 

3.72 X 10“^ 

1 1 .0 

-37 

7 ) Methyl crotonate 

7 .25 X 10“^ 

10.3 

-34 . 

8 ) Acrylonitrile 

6 . 026 X 10”^ 

10.0 

-42 

9 ) phenyl isocyanate- 

4 .21 X 10 

i 4 .5 

-33 

10 ) phenyl is othiocyana te 8,913 x 10 *"^ 

13.4 

-26 


For the same dxpolax’opbile , measurements at different tempera- 
tures were mcide starting with the same initial concentrations 
so that .log OD vs time plots intersected at zero time. This 
was used as a clioclc for the accuracy of measurement and also 
the in V ax' i anc e of t lie m o c h an ism of ' t he r e ac t i on in th e t emp er a - 
tore ramge in which rneasur ements were made. 



negative values of entropies of activation, as is to be 
expected of concerted processes with cyclic transition 
states* The relative rates of addition of various dipolar o- 
philes to by and large, followed a parallel trend as the 
rates of addition of these dipol ar ophil es to analogous dipolar 

1617 

species* ’ Olefinic substi'ates with a trans -geometry have 

been reported to react faster than their cis-isomers in 1 , 3 - 

16 

dipolar cycloaddition reactions* However, in the case of 
2 a, we find that the cis-isomer reacts about 60 times faster 
than the trans-isomer. Molecular models show that the 
transition state leading to the formation of the trans- 
adduct is more crowded than the c is -adduct. It is probable 
that the more stringent steric requirements of Ja. as compared 
to other dipolar species is responsible for the reverse trend 
observed in these cases. 

In the case of substituted imino-tr iaz olium derivatives 
and ^c also we have observed that cis-dipolar ophiles react 
faster than theix' trcins-isomer s , In Table 3*7 , we have 
summarisod the rate constants of some of these reactions, 
illustrating such a trend in these cycloadditions. 

Having established that various bisphenylazostilbenes 
exist in valence tautomeric equilibrium with the mesoionic 
anhydro 1 -phenylimino-2 -phenyl - 4 ,5-diaryl -1 ,2 ,3-triazolium 
hydroxides, and having shown that in this latter form they 





undergo 1 ,3-dipolar cycloaddi tion reactions with acetylenic 
and olefinic dipol ar ophil es , we then wanted to see how this 
equilibrium itself is affected by a possible alteration in 
the stereochemistry about the carbon-carbon double bond. 

It is reasonable to assume that such valence isomerisation 
will be very facile if the two phenylazo groups are cis with 
respect to each other. Although it is possible to visualise 
a thermal cis-trans isomerisation as shown in Scheme 3 » 7 » 
we felt that the likelihood of such a process occurring is 
rather negligible in the absence of any catalysis by acids. 

To prove this point we chose to investigate the valence 
isomerism of two bisphenylazoalkenes, namely, 2 , 3-hisphenyl- 
azo-2-butene (2^) aund 1 ,2 -bisphenylazocycl ohexene (26) . 

In Chapter 2, we have reported that 2^ failed to 
undergo thermolysis or photolysis in the absence of hydrogen 
chloride. On the other hand, it was shown that in presence ■ 
of catalytic amounts of acids, 20 undergoes photolysis to 
yield 2 _phenyl-4 , 5-dime thyl_1 ,2 , 3 - tr iaz ol e. It has been 
suggested that under acid-catalysis, the isomerization of 
20 to its cis-isomer 2T^ is feasible and that the formation 
of the triazole can be rationalised in terms of an inter- 
mediate like 2^ (scheme 3 . 7 ) • With a view to confirming 
whether the azome thine imine intermediate^ is actually 
involved in such transformations, we have examined the 
reaction of 2o in presence of dry hydrogen chloride gas with 
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a suitable dipolar cphile like carbon disulphide. Treatment 
of a mixture of 2^ with excess of carbon disulphide in 
presence of dry hydrogen chloride gas gave a 6o^ yield of 
2-phenyl -4 ,5-dimethyl-T ,2 ,3_triazole (2k) , The formation of 
the triazole 2k is rationalised in terms of the initial 
formation of the intermediate 2^, which undergoes further 
fragmentation as shown in Scheme 3.7. 

Further proof of the intermediacy of the azomethine- 
imine 22 in the reactions of ^ under acid-catalysed condi- 
tions was derived from the reactions of 2o with dimethyl 
acetyl medicarboxylate . Treatment of 2^ with dimethyl acetyl- 
enedicarboxylate in presence of dry hydrogen chloride gas gave 
a 62 ^ yield of 2,6-diphenyl-3,3a-<iiniethyl-4,5-dicarbomethoxy- 
pyrazolino [2 ,3-c| ,2 ,3^ triazole (2_5) (Scheme 3.7). The 

structure of 2_5 was established on the basis of analytical 
results and spectral data. The ntnr spectrum of 2_5 , for 
example, showed two singlets at 1.55 8 (3 H) and 1. 90 8(3 H) , 
due to methyl groups at aind C^^-posit ions ^ respectively . 

In addition, the spectrum showed two separate singlets at 
3.75 8(3 H) <-nid 3.S5d (3 il) due to ester methyl groups. The 
phenyl protons appeared as a multiplet eiround 7.50o(''0 h) 

(Fig. 3.7). 

In continuation oT our studies, we have attempted 
to study the reactions of 2j0 with other dipolarophiles like 




dimethyl maleate and ethyl acrylate. However, in all these 
cases only the triazole 2^ conld be isolated, showing thereby 
that the azome thine imine intermediate 2^ undergoes rapid 
decomposition when compared to its reaction with less reac- 
tive dip ol ar ophil e s . 

A bisphenylazoalkene like 1 ,2 ^bisphenylazo cyclohexene 
(2^), however, underwent ready cycloaddition reactions with a 
variety of dipolar ophilos , as would be expected of a compound 
having a cis-conf iguration across the olefinic linkage. Thus, 
the reaction of 26 with carbon disulphide, for example, gave 
2«phenyl-4 ,5- tetraraethyleno-1 ,2 , 3- triazole (2^) , together 
with phenyl isothiocyanato and elemental sulphur (Scheme 3»8). 

The reaction of 26 with dimethyl ace tylenedi carboxyl ate, gave 
1 ,6 -diphenyl -3 , 3a--te tramethyl enG-4 ,5'“<iicarbomethoxypyrazolino-. 

|2 ,3-c^ ,2 ,3j triazole (^) , in a 6o^ yield. The reaction with 

methyl propiolate, on the other hand gave a yield of 

1 ,6 -diphenyl 3 ,33-- tetraraethylene-4-carbomethoxypyrazolino- 
[2 ,3-cJ ,2 ,3^^ triazole ( 30 ), arising through a regioselec tive 

reaction (Scheme 3.8) . 

The reaction of 2^ with olefinic dipol ar ophil es dimethyl 
maleate, dimethyl furaarate, ethyl acrylate and acrylonitrile, 
gave the corresponding 1,6-diphenyl-3,3a-tetramethylene-4,5- 
dihydropyrazolino[2 ,3_cJ [l ,2 , 3 ] triazoles, 31-^ in good yields. 
Simil axly , 1,4,6- triphony 1 -3 , 3^^- te tr ame t hylene - 1 ,2,4- tr ia.zolidino- 
|l ,2,3j tr iazol -5- one ( 35 ) and the corresponding thione 
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j6 were formed in the reactions of 2£ with phenyl isocyanate 
and phenyl iso thiocyanate , respectively (Scheme 3*9)* The 
structures of ail -these adducts have been established on the 
basis of their analytical remits and spectral data. 

From our studies, it is apparent that bisphenylazo- 
alkenes undergo ready valence isomerisation, only if they 
have the c is -geometry with respect to the olefinic back -bone. 
In the case of trans-bisphenylazoalkenes , however, the valence 
isomerization is brought about by the addition of catalytic 
amounts of acids. The conditions under which these bisazo- 
alkenes undergo cycloaddition reactions will in themselves 
could give an indirect indication concerning the geometry of 
these compounds. Correlation between the structures of 
bisazoalkenes and the parent 1 ,2-diketone bisphenyl hydrazones 
may also become possible through such studies. 

3.3 EXPERIMENTAL 

All melting points are uncorrected and were determined 
on a Mel t-Tem| 3 , melting point apparatus. The ir spectra were 
recorded on a perkin Elmer, Model 137 infrared spectrometer 
and electronic spectra on a Beckmann DB spectrophotometer. 

The ir tmd uv spectral data are presented in tabular forms in 
section 3.2. Nmr traces were recorded either on a Varian 
A6or} spectrometer or a Varian HR100 NMR Spectrometer, 

using tetramethyl silane as the internal stcuidard* 



starting Materials 


1 ,2 -.Bisphenylazostilbene (^sl) , mp 179^ ? ,2«bisp]ier- 

nyl azodi( 4 ^ chi or ophenyl) ethylene (2b), mp 2o5^ ? 1 , 2-.bisphe.^ 

nylazodi{ 4. i me tho;Kyphsnyl) ethylene (^c) , mp 175 ^, 2,3«bis- 

phenyl az 0 -^ 2 -butene , (^) , mp 149^, were prepared by the 

oxidation of the corresponding 1,2-diketone bisphenylhydrazones, 

3 

employing nickel peroxide as per a reported procedure. 

Dimethyl acetylenedicarboxyl ate, bp 100^ (5mm), dibenzoyl- 
acetylene, mp 110 ^, dimethyl fumarate, mp lo4^, dimethyl 
maleate, bp 196 ^, methyl crotonate, bp 126 ^, phenyl isocyanate, 
bp 159 ^ axid phenyl isothiocyanate, bp 99*^ (^5 mm) were prepared 
by reported procedures. Commercially available sariples of 
methyl propiolate, maleic anhydride, trans-dibenzoyl thylene, 
acrylonitrile, ethyl acrylate, methyl methacrylate and carbon 
disulphide were purified either by distillation or fractional 
crystallisation before use. 1 ,2 -Bisphenylazocyclohexene ( 26 ) , 
mp 127-128'^ was prepared as per the procedure described in 
Chap ter 2 . 

Addition of Crarbon Disulphide to 1 ,2 -Bisphenylazoalkenes 

In a typical experiment 1 mmol of the bisphenylazo- 
alkene c\nd 2 ml of carbon disulphide was left at room tempera- 
ture for 2o minutes. The unchanged carbon disulphide was 
removed under reduced pressure and the residue was treated 



starting Materials 


1 ,2 -Bisphenylazostilbene , mp 179° > 1,2_bisphe.- 

nyl azodi( 4 - chi or ophenyl) ethylene (_2b) , mp 205°, 1,2-bisphe- 

nylazodi( 4 1 me thojsyphenyl) ethylene (^c) , mp 175 °, 2,3-bis- 

phenyl az 0-2 -butene , {2o) , mp 149°, were prepared by the 

oxidation of the corresponding 1,2-diketone bisphenylhydrazones, 

3 

employing nickel peroxide as per a reported procedure. 

Dimethyl ace tylenedic arboxyl ate , bp 100° (5mm), dibenzoyl- 
acetylene, mp 110°, dimethyl fumarate, mp lo4°, dimethyl 
maleate, bp 196 °, methyl crotonate, bp 126°, phenyl isocyanate, 
bp 159 ° phenyl isothiocyanate, bp 99° (15 mm) were prepared 

by reported procedures. Commercially available sati^jles of 
methyl pr opiolate, mal eic anhydride, tr ans -dibenzoyl thy lene, 
acrylonitrile, ethyl acrylate, methyl methacrylate and carbon 
disulphide were purified either by distillation or fractional 
crystallisation before use. 1 ,2 -Bisphenylazocyclohexene ( 26 ^ , 
mp 127-128° was prepared as per the procedure described in 
Chap ter 2 , . 

Addition of Crarbon Disulphide to 1 , 2 -Bisphenylazoalkene s 
(^a-c and 26 ) 

In a typical experiment 1 mmol of the bisphenylazo- 
alkene and 2 ml of carbon disulphide was left at room tempera- 
ture for 2o minutes. The unchanged carbon disulphide was 
removed under reduced pressure and the residue was treated 



with a mixture (l;1) of petroleum ether (bp 6o-8o°) and benzene. 
The insoluble residue was identified as elemental sulphur. 
Removal of the solvent from the benzene petroleum ether soluble 
portion and recrystallisation of the residue, in each case, gave 
the corresponding 2 -phenyl -4 , 5-disubstitu ted triazole. Removal 
of the solvent from the mother liquor and distillation of the 
residue gave phenyl iso thiocyanate , identified through its ir 
spectrum. Thus, the reaction of 1 ,2 -bisphonylazostilbene (^a) 
with carbon disulphide gave 83^ yield of elemental sulphur, 

66^ yield of phenyl isothiocyanate and 93'?^ yield of 2,4,5-tri- 

'i 

phenyl-1 ,2 ,3-triazole , mp 124° (mmp) 

Similarly , 1 , 2-bisphenylazo(4 ,4 ' -dichlorophenyl) - 

ethylene (^b) with carbon disulphide gave elemental sulphur 
(4o^) , phenyl isothiocyanate (54^) and 2-phenyl_4,5-di- 
( 4 -chlor ophenyl) - 1 , 2 , 3 - tr iazole (86^), rap 155 ° (mmp) 

In the reaction of 1,2_bisphenylazo(4,4'-dimethoxy- 
phenyl) ethyl ene (^c) with carbon sulphide, a 3^^ yield of 
sulphur, 50^ yield of phenyl isothiocyanate and 85^ yield of 

3 

2 -phenyl -4 ,5 -di(4 -methoxyphenyl) -1 ,2 , 3- triaz ole , mp 133 ° (nimp) 
were obtained. 

The reaction of 1 ,2 -bisphenylazocycl ohexene ( 26 ) gave 
with carbon disulphide, likewise, elemental sulphur (4 g^) , 
phenyl iso thiocyanate (45'^) and 2-phenyl-4,5-tetramethylene- 
1 ,2 ,3- triazole , mp 90° (ramp). 



Reaction of Acetylenic Dipolarophiles with 1 ,2 .^Bisphenyr 
azoalkenes (^a-c and 26 ) 


In a representative run, an equimolar mixture of tbe 
bisphenylazoalkene and the acetylenic dipolar ophile (1 nmol 
each) was taken in 2 ml acetone and the solution was refluxed 
for 30 minutes. The solid product that separated out on 
cone entraticn of the reaction mixture was recrystallised from 
a mixture (l; 1 ) of benzene and petroleum ether (bp 60 - 80 ^) > to 
give the corresponding pyrazolino [^ 2 , 3 “'C^ , 2 , 3 ^ triazole , in 

each case. 

Reaction of 1 ,2 -bisphenylazostilbene (2^a) with dimethyl 
ace tylenedicarboxylate gave a 83 ^ yield of 1 ,3 ? 3 a, 6 -tetraphenyl- 
4 , 5 -hicarb ome thoxypyrazolino j^ 2 , 3 - c] [l,2,3j triazole ( 7 .a) , mp 184°. 

Anal . Calcd for 72.66; H, 4.88, N, 10.35. 

Found: C, 72.45; H, 4.99; N, 10.02. 

Similarly, the reaction of with methyl propiolate 
gave a 78 ^ yield of l,3,3a.,6-tetraphenyl-4-carbomethoxypyra- 
zolino ^ 2 , 3 -c^ 1^1 , 2 , 3 ^ tr iaz ole ( 8 a), mp 196 °. 

Anal . Calcd for : C, 76.28; H, 5.08; N, 11.87. 

Found: C, 76.32; H, 5.10, N, 11.79. 

On the other hand, the reaction of Za. with dibenzoyl- 
acetylene gave a 64^ yield of 1 , 3 , 3 a ,6 - tetraphenyl 4,5-dib6nzoyl- 
pyrazolino |2 ,3-c| 1^1 ,2 , 3^ triazole (^) , mp 193°. 



Anal . Calcd for 72.18; H, 5.26; N, 10.53. 

Found: C, 72.21; H, 5.43; N, IO. 63 . 

Reaction of 1 ,2-bisphenylazocyclohexene (2^) with 
dimethyl acetyl enedicarboxyl ate gave a 60 ^ yield of 1 , 6 -diphenyl 
3 , 3 a-- tetramethylene-4 , 5 -dic arbomethoxyp 3 nrazolino|^ 2 , 3 -c|’ ^1 , 2 , 3 J - 
triazole ( 29 ) , mp l 6 l°. 

■Anal . Calcd for : C, 66 . 6 ?; H, 5.56; 

N,' 12 . 96 . Found: C, 66 . 78 ; H, 5.75; N, 13-15. 

The ir spectrum of 2_9 showed peaks at 2910 , 1730 and 

1690 cm“^ (0=0), 1510 , l4lo, 1330 , 1l4o, 1030, 970 , 775 and 
74o cm”^ . 

Treatment of 2^ with methyl propiolate gave a 43^ 
yield of 1 ,6_diphenyl-3 ,3a-t0tramethylene-4-carbomethoxy 
pyrazolino|2 ,3 -cj ^1 ,2 ,3^ triazole { 30 ), mp 155 °- 

Anal . Calcd for C, 70.59; H, 5.88; N, l4.97. 

Found: C, 70.31; H, 5.52; N, 15.05- 

The ir spectrum of 30 showed bands at 2905, I 69 O (0=0), 
1550 , 1500 , 1390 , 1350 , 1145 , 1025 , 760 and 735 cm"\ 

The nmr spectral details of the pyrazolinotriazoles, 

T^a-c , ^b-c, 2 j 9 and 30 are shown in Table 3.2. The uv and ir 
spectral data have been reported earlier under Tables 3 .4t and 
3 . 5 , respectively. 



Reaction of 1 , 2_jiisphenyl azoalkenes (^a-c an4 26 ) .vitlx 
Olefinic Dipolar op hiles 

In a typical experiments 1 mmol of the bisphenylazo- 
alkene and 5 mmol of the dip ol ar ophil e in 3 ml of ethyl 
acetate was refluxed for 5 hr. The solvent was then 
removed under reduced pressure and the residue was chromato- 
graphed over alumina. Elution with petroleum ether (hp, 
6o-8o°) gave the unchanged dipolar ophil e . Continued elution 
with benzene furnished the cycloadducts, whereas, still 
further elution with ethyl acetate gave the unchanged 
starting bisazoalkene . 

Reactions of 1 ,2 -Bisphenylazoalkenes (^a-c and 2^) with 
Dimethyl Maleate 

Reaction of 1 , 2 _bisp henylazo stilbene with 

dimethyl maleate gave a 79^ yield of cis 4 , 5-dicarb omethoxy- 
1 j3 , 3a ,6 - tetr aphenyl -4 , 5-dihydr opyraz olino|2 , 3-c^. , 3^ - 

triazole ( 1 Qa.) , mp 200°. 

Anal . Calcd for C, 72.15; H, 5.26; 

N, 10.53. Found; C, 72.13; H, 5.00; N, 10. 02. 

Treatment of 1 ,2-bisphenylazo(4 , 4 ' -dichl or ophenyl) - 
ethylene (^b) with dimethyl maleate gave a 59^ yield of the 
corresponding dihydr opyraz olino|^2 ,3 -c| |^1 ,2 , 3| tr iazol e (J_0b) , 
mp 210°. 





Anal . 


Calcd for ’ 64.00; H, 4.33; 

N, 9.33. Found; C , 64 .25 ; H, 4.54 ; N, 9.08 . 

Similarly, cis-4 ,5-ciicarbomethoxy-1 ,6-diphenyl- 
3 ,3a-d.i(4 -methoxyphenyl) -4 , 5-ciihydropyr azolino J^2 , 3 -c] [l ,2,3j- 
triazole ( iQc) , mp 233 °, was obtained in a 60 ^ yield in the 
reaction of with dimethyl maleate. 

Anal . Calcd for 68.92; H, 5.4l; 

N, 9 .^ 6 . Found; C, 69 . 30 ; H, 4.96; N, 9.15. 

Treatment of 1 ,2 -bisphenylazocycl ohexene ( 26 ) with 
dimethyl maleate gave a 51 '^ yield of cis 4 ,5-<iica^boI^ethoxy- 
1 ,6-diphenyl-3,3a--tetramethylene-4,5-dihydropyrazolino- 
I 2 ,3-c I ,2 , 3| triazole (_3_1) , mp 182°. 

Anal . Calcd for : C, 66 . 36 ; H, 5.99; 

N, 12 . 90 . Found; C, 66.57; H, 6.15; N, 13 . 13 . 

The nmr and ir spectral data of these compounds have 
been summarised in Tables 3.2 and 3.4, respectively. 

Reaction of 1 ,2 -Bisphenylazostilbene (^a) with Maleic 
Anhydride 

Treatment of with maleic anhydride gave a 71^ yield 
of 1 , 3 , 3a, 6 - te traphenyl -4 , 5-dihydropyrazolino [ 2 , 3-oj fl,2,3|- 
triazole~4 , 5 -dicarboxyl ic anhydride ( 1 1 'j , mp 228°. 

Anal. Calcd for C^^H 22 N 40 ^; C, 74.08; H, 4.53; 

N, 11 . 53 . Found; C, 74.12; H, 4.62; N, 11.35. 



Reactions of 1 ,2_Bisphenylazoa] kenes (^a-c and 2^) with 
Dimethyl Fumarate 


Treatment of ^a with dimethyl fumarate gave a 7^^ 
yield of trans-4,5-dicarbomethoxy-1,3j3a,6-tetraphenyl- 
4 , 5-d.ihydropyrazolino 1^2 ,3-c| |l , 2 , 3 ] triazole ( 12a') , mp 2o5° • 

Anal . Calcd for C, 72.15; H, 5.26; 

N, 10 . 53 . Found: C, 71.91; H, 5-33; N, 10. 61 . 

Treatment of _2b with dimethyl fumarate gave the 
corresponding cycloadduct 12 b , mp 212 ° in a 5 ^^ yield. 

Anal . Calcd for 0 ^ 2^26 ^4 ^4^^2 * ’ 64.00; H, 4.33; 

N, 9 . 33 . Found; C, 63.82; H, 4.42; N, 9-^5. 

Similarly, the reaction of 2^c with dimethyl fumarate 
gave a 66^ yield of trans 4,5-dicarbomethoxy-1,6-diphenyl- 
3 ,3a-di(4-methoxyphonyl) -4 ,5_dihydropyrazolino|2 ,3-c| |l ,2,3^- 
triazole (j|_2c) , mp 235 °. 

Anal . Calcd for C^24.^^2 ^ 4*^6 ‘ ’ 68 . 92 ; H, 5.4l; 

N, 9 . '^6, Found; C, 68.58; H, 4.96; N, 9 . 15 . 

Treatment of bisphenylazocyclohexene (2^) with 
dimethyl fumarate gave a 39^ yield of trans_4 , 5-dicarbo- 
raethoxy-1 ,6-diphenyl 3s3a--tetramethylene-4,5-dihydropyra- 
zolino|2 ,3-cj j^1 ,2 ,3j triazole (_30) , mp 180°. 

Anal. Calcd for G, 66 . 36 ; H, 5.99; N, 12. 

Found; C, 66.05; H, 5.88; N, 13.20. 



Reaction of 1 , 2 -Bisphenyl 


azostilbene (^a) with Methyl^ Crotonate 


Treatment of 2a with methyl crotonate gave & h% yield 

of 1 »3a,6- tetraphenyl_4-carbomethoxy-5-methyl_4 ,5_dihydro- 

pyrazolino[2,3-c] [l ,2 , 3 ] triazole {_ 13 ) , mp 2o3°. 

Anal. Calcd for C, 77-32; H, 5-52; 10.05. 

Found: C, 77-54, H, 5.54; 9 . 99 . 

Reaction of 1 ,2-Bisphenylazostilbene (2a ) with trans- 
Dibenzoyl e thyl ene ~~ 

Reaction of ^a with trans- dibenzoyl ethyl ene gave a 31 ^ 
yield of trans- 4 , 5 -dibenzoyl -1 ,3,3a,6-tetraphenyl-4,5-dihydro- 
pyrazolino[2,3-c] | , 2 , 3 ] triazole (jl4) , mp 190 °. 

An^. Calcd for ^^£^32^4^2 ’ 80.99; H, 4.83; 

N, 8 . 99 . Found: C, 81. 0 I; H, 4.79; N, 8 . 87 . 

The nmr, uv and ir spectral data of these adducts, are 
summarised in Tables 3.3, 3-4 and 3.5, r espoc tively . 

^S-Bisphenylazoalkenes ( 2 a-c and 26 ) with 
Ethyl Acrylate 

Treatment of 1 ,2_bisphenylazostilbene (2a) with ethyl 
acrylate gave a 79^o yield of 1,3,3a,6-tetraphenyl-4-carbo- 
ethoxy- 4 , 5 -dihydropyrazolino( 2 , 3 -c] [l , 2 , 3 ] triazole (jl 5 a) , 

mp 216® . 

Anal. Calcd for c, 76 . 23 , h, 5.73; N. 1 1 . 47 . 

Found; C, 76.47; .fi, 5 . 49 ; N, 11. 76 . 



Similarly, the reaction of with e thyl acr yl a t e 
gave a 70^ yield of the corresponding cycloadduct ( 1 5 b) , 
mp 164°. 

Anal . Calcd for C, 66 . 9 I; H, 4.68; 

N, 10 . 07 . Found; C, 66 .^6 ■ H, 4.48; N, 10.51. 


The reaction of Zc with ethyl acrylate gave a 74^ 
yield of JJc, mp 158 °. 


N, 


AJial . Calcd 
10.22. Found; C 


for c, 72.26; 

71 .84; H, 5 . 97 ; N, 9.81 . 


H, 


5.84; 


On the other hand, the reaction of 1,2-bisphenyl- 
azocyclohexene ( 26 ) with ethyl acrylate gave a 6l^ yield of 
the corresponding dihydr opyrazolinotr iaz ole derivative 33 , 
rap 1 94 ° . 

Anal . Calcd for C, 70.77; H, 6.67; 

N, 14 . 36 . Found: C, 71.02; H, 6 . 58 ; N, l4.49. 

The nmr , uv and ir data of these adducts are summarised 
in Tables 3.3, 3.4 and 3.5, respectively. 


Reaction of 1 ,2 -Bisphenylazoalkones (^a-c and 2^) with 
Acryl oni trilo 

Treatment of 1 ,2 -bisphenylazostilbene (_2a) with 
acrylonitrile gave a 82^ yield of 1,3,3a,6-tetraphenyl-4- 
cyano-4 , 5-dihydropyrazolino|2 ,3_c| J'l ,2 ,3| triazol e ( l6a) , 
mp 249 ° . 



Anal . Calcd for C, 78.91; H, 5.21; N, I 5 . 8 O. 

Found; C, 78.91; H, 5-30; N, 15.68. 

Similarly, the reaction of 2b with acrylonitrile gave 
l6b , mp 242°, in 7 ^^ yield. 

Anal. Calcd for C, 68.37; H, 

N, 13 . 75 . Found: C, 68.17; H, 3.92; N, l4.02. 

On the other hand, the reaction of 2c with acrylo- 
nitrile gave the corresponding dihydropyrazolinotriazole 
(_1^c) , rap 206°, in 62^ yield. 

Anal . Calcd for C, 7^.25; H, 5.39; 

N, 13 . 97 . Found; C, 7^.40; H, 5.29; N, 13.71. 

The reaction of acrylonitrile with 1 , 2-bisphenylazo- 
cyclohexene (2^] gave a 55^ yield of 1,6-diphenyl-3,3a- 
te tramethylene-4 _cyano-4 , 5-dihydr opyrazolino 1^2 , 3-c] |l,2,3] - 
triazole (^) , mp 2o3°. 

Anal . Calcd for C, 73-^7; H, 6.12; N, 2o.4l 

Found: C, 72.99; H, 5.99; N, 20.55 

Reaction of 1 ,2-Bisphenylazostilbene (^a) with Methyl 
Methacryl ate 

Treatment of ^a with methyl methacrylate gave a 5^^ 

yield of 1,3>3a-,6-tetraphenyl-4-methyl-4-carbomethoxy-4,5- 
dihydropyrazolino|2 ,3_c| 1^1 ,2 , 3| triazole (_1^) , mp 249°. 



G, 77.32; H, 5.52; 


Atial . Calcd. for ^H2gN2j^02 : 

N, 10.05. Found; C, 77.42; H, 5.51; N, 10.10. 

The nmr , uv and ir spectral characteristics of all 
these adducts have been tabulated in Tables 3.3, 3.4 and 
3.5, respectively. 

Reaction of 1 ,2 -Bisphenylazoalkenes (^a-c and with 

phenyl Isocyanate 

In a representative run, 1 mmol of the bisphenylazo- 
alkene and 1 mmol of phenyl isocyanate in 2 ml acetone was 
refluxed for 1 hr. The solvent was removed under reduced 
pressure and the residue was recrystallised from a mixture 
(3:1) of benzene and ethyl acetate to give the corresponding 
1 ,2 ,4-triazolidino 1^1 ,5-c^ |^1 ,2 , 3| triazol -5-ori.e . Table 3.10 
summarises the analytical results- The ir spectral data of 
vai'ious triazolidinotriazolones are given in Table 3.5. 

Reaction of 1 ,2-3isphenylazoalkGnes (^a-c and 2^) with 
phenyl I so thiocyanate 

In a typical run 1 mmol of the bisphenylazoalkene 
and 1 mmol of phenyl iso thiocyanate in 2 ml acetone was 
refluxed for 2 hr. Removal of acetone, followed by recrys- 
tallisation of the residue from a mixture (2 ; 1 ) of benzene 
and ethyl acetate yielded the corresponding 1,2,4-triazo- 
lidino [l , 5-c] [l ,2 , 3 ] tr iazol -5- thiones . Table 3.8 summarises 
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the percentage yields, analytical results. -The ir spectral data 
of these adducts are summarised in Table 3.5. 

Reaction of 2 , 3-Bisphenylazo-2 -butene (2_o) with Carbon 
Disulphide in presence of Dry Hydrogen Chloride 

Into a mixture of 0.52 g (2 mmol) of 2 , 3-bisphenylazo- 
2 -butene and dry carbon disulphide (3 ml) in dry benzene 
(10 ml) was passed a stream of dry HCl for 5 minutes during 
which the intense colour of the solution disappeared. The 
unchanged carbon disulphide and the solvent was removed 
under reduced pressure. The residue was treated with a 
mixture ©f bbnzehe and potroleufei eth'ei’ ‘(“bp ^ 0 - 80 °) ( 10 ml) 

to extract out the organic fractions. The residue (50 mg, 

76 ^) was identified as elemental sulphur. The solvent was 
removed from the benzene -petroleum ether (bp 60-80°) extract 
and the residue was digested with dilute hydrochloric acid 
for 15 minutes, to remove the phenyl iso thiocyanate formed 
as one of the products. Extraction with other gave a product 
which was distilled und.ei' reduced pressure to give 0.21 g 
( 60 ^) of 2 -phenyl -4 , 5 -dimcthyl -1 , 2 , 3 - triazol o , mp 35 ° » 

(bp 162 at 60 mm) which was identified by comparing its ir 
spectrum with that of rui authentic sample. 

Reaction of 2 , 3“Bisphenylazo-2 -butene (^) with Dimethyl 
Acetyl enodicarboxylate in presence of Dry Hydrogen Chloride 


Dry hydrogen chloride was passed into a solution of 



0.26 g (l mmol) of 2 ,3_bisp]ienylazo-2 -butene ( 20) and 0 .l 4 g 
(l mmol) of dimethyl acetyl enedicarb oxyl ate in 10 ml of dry 
benzene for 5 minutes, when the intense colour of the solution 
had fully disappeared. The solxition was washed free of hydro- 
chloric acid with water, and removal of the solvdnt from the 
organic layer gave a product which was recrystallised from a 
mixture (l:1) of petroleum ether (bp 60-80°) and benzene to 
give 0.25 g (62^) of 2 , 6 -diphenyl- 3 , 3 a-dimethyl- 4 , 5 -dicarbo- 
methoxypyrazolino J^2 ,3-c| [1 ,2 , 3] triazole (25'^ , mp 136°. 

Anal . Calcd for C, 65.08; H, 5 .^ 2 ; 

N, 13.79. Found: C, 65. 11 ; H, 5 .^ 5 ; N, 13 - 7 ^. 

The ir spectrum (KBr) of 2_5 showed peaks at 17^5 and 
1690 cm"’’ (C= 0 ), 1575, 1565, 1^90, l 46 o, i 405 , 1370, 13^5, 
1322, 1250, 1215, 1170, 1095, 1050 , 980, 760, 7^0, 695 and 
677 era"’’. 

Tlie nmi" spectrum (CDCl^) of 2 ^ showed peaks at 
1 . 558(3 H,s) and 1*90 6 (3 H, s) due to CH^ protons, 3*75 S 
(3 H,s) and 3*856(3 H,s) due to carboinethoxy protons and 

r' 

at 7.50 ^(10 H,m) due to phenyl protons. 

Thermolysis of cis-4 , 5-Dic arbomethoxy-1 , 3 , 3a ,6 -tetraphenyl - 
4 , 5~dihydr opyrazolino [2 , 3 -cl’ (l , 2 , 3 j triazole (iQa) 

Heating 200 mg (0.5 mmol) of the dihy dropyrazol ino- 
triazolo JiOa at 200'’ for 30 minutes and subsequent chromato- 
graphic work-up of tho reaction product gave 105 mg (87^) of 



2 , 4 , 5 - tr iphenyl - 1 ,2 , 3^ triazcile (^a);, mp 124* (mmp|^* " . ■ v 

Thermolysis of trans-4 ,5-Dicarbomethoxy-1 ,3,3a,6-tetraphenyl- 
4 , 5-dihydr opyrazolino [2 ,3-c] [l ,2 ,3l triazble (12a) 

Thermolysis of 200 tng (o.5 mmol) of J^a as in the 

3 

previous case gave 93 ( 80 ^) of ^a, mp 124° (mmp) . . 
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CHAPTER 4 


VALENCE ISOMERISM IN ENEDIIMINES, 

2 ,3-DIHyEROPYRAZINES AND THE DIANILS 
OF 1,4- DIG ARB CNYL ALKENES 


4.1 ABSTRACT 

The eriGdiimino obtained in the reaction of _o-phenylene- 
diamine aiid Denial dehyde has been shown to undergo valence 
isomerisation to 1 -benzyl-2 -phonylbenzotriazole. The inter- 
mediate, benzimidazoliuni ylide could not be trapped by 
treatment with dipolar ophiles . The enediiraines derived from 
5 ,6 -dipbcnyj. -2 , 3 -dihydropyr azine as well as 2 ,3 ,5 >6 -tetraphenyl 
2 ,3“di.hydropyraziri, e also rearranged to the corresponding 
imidazoles thi’ough their valence isomeric intermediates. The 



azomethine ylides in these cases also could not be trapped 
through cycloaddition reactions. The unexpected inertness of 
these systems towards dip ol ar ophil e s has been explained in 
terms of their facile rearrangement to the corresponding 
imidazoles, in preference to cycloaddition reactions. The 
reaction of _o-phthal aldehyde with aniline in presence of 
different dipolar ophiles gave in each case 1 -phenylimino- 
2 -phenyl isoindpline and not the expected cycloadducts. 

4.2 RESULTS AND DISCUSSION 

In Chapter 2 of this thesis we have shown that 1,2_bis- 
phenylazoalkenes exist in valence tautomeric equilibrium with 
anhydro 1 -phenylimino-2_phenyl-4 , 5-d.isubstituted-l ,2,3-triazo- 
1 ium hydroxides and that they undergo thermal and photochemical 
fragmentation to give 1,2,3-triazoles, In Chapter 3, we have 
shown that the 1,3-dipolar cycloaddition reactions of such 
anhydro iminotriazolium derivatives to acetylenic and ol ef inic 
dipolarophi], es can be advantageously used in the synthesis of 
condensed heterocyclic ring systems. 

The 1 ,2 -bisphenyi azoalkenes can be considered as 
representative examples of a hetero-1 ,3 , 5-hexatrienoid system. 
The existence of valence isomerism in these systems prompted 
us to ixivestigate whether such a behaviour is general in 
other hctorohoxatrienoids as well. In this connection, it 
may bo poititod out that valence isomeric structures have been 
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»3 diiiydropyr^-dazines under appropriate 

c end X ti on s e xi s t in ^ i t ^ 

e our possible valence isomeric 

xorms, namely, the 2 ,3_dihvdro 

.J dihydropyrazine form, die open-chain 
enediimine form, the 1 2 a • t, r i 

1 , 3 -dxazabicycl o [3,1, oJhex- 3 -ene form 

and bho dipolar imidazolium viirio -p 9-1^ 

oxxum yixde formX ^ Thus, padwa 

and coworkors }i-ivn ,4 

tiave demonstrated th-nf 1 -i • i_ - r 
^ -cea that l,3-dxazabicyclo f3,l,o|- 

liex-J-enoH under photochemical condit-i . ' ^ 

i^ai conditions unaergo ring opening 




to enediimines which subsequently cyclise to 2 ,3-d.ihy(iropyra- 
zines. These authors have invoked the intermediacy of dipolar 
imidazolium ylides to explain the formation of imidazoles during 

r I'f" 

the photolysis of 1 ,3-diazabicyclo [3 , 1 ,0j he|l-3-enes (Scheme 1.11, 
Chapter 1) , On the other hand, the formation of pyrr ol o j^1 ,2_c^ - 

— t 

imidazoles in the reactions of 1 ,3-diazabicyclo 3 > 1 > oj hen-3 -ene 

with acetylenic and olefinic dipolar op biles under thermal 

conditions has also beeh explained in terms of intermediate 

”1 ^ ”1 ^ 

dipol air imidazolium ylides. Beak and Miesel have shown 
that 2 , 3-dihydropyrazines also aire converted phot ochemically 
to the corresponding imidazoles through the intermediacy of 
imidazolium ylides (Scheme 1.12, Chapter 1). 


Our results regarding the chemistry of 1 ,2-bisphenylazo- 
alkenes suggested that conditional to there being a cisoid 
geometry in the he ter ohexatr ienoids , the valence isomerisations 
in these systems should be facile under thermal conditions. In 
order to verify this, we have attempted the synthesis of some pyr- 
rol o ^1 ,2 -cj imidazoles or their derivatives , star ting from 
enediimines as well as 2 ,3 -dihydropyrazine^ . 

As early as 1889 , Fischei’ had reported the formation of 
1 -benzyl -2 -phenylbenzimidazole in the reaction of benzaldehyde 

1 T 1 s 

with _o -phenyl (anedi famine. ’ Though, N ,N’ -dibenzal -_o -phenyl ene - 

diamine has been I'ecognised as the intermediate in this reaction, 
it has not so far beejn isolated because of its subsequent 
transformation. It is reasomble to assume that valence 



xsonieric structures such as Jo and JM are involved in the 
conversion of N ,N ' -dib enzal _o -phenyl enediamine to l-benzyl.2. 
Phenylbenzin^idazole (Scheme 4 . 2 ) . felt that it should be 
possible to trap an intermediate like J_1 through a 1 , 3 -dipolar 
cycloaddtion reaction to give cycloadducts such as j4 or a 
simple nucleophilic addition product like JJ (scheme 4.2). 

N,N' -Dibenzal-oiphenylenediamine (9) was prepared by 
mixing previously cooled (.2oc) methanolic solutions o-phenylene 
diamine and benzaldehyde in a 1:4 molar ratio. The solid 
enediimine derivative (9) «as then su^ended in cold etherial 
solutions of dipolarophiles such as dimethyl maleate, dimethyl 
fum^ate, ethyl acrylate and acrylonitrile. On allowing to 

op, in each case only 1 -benzyl -2 -phenylbenziraidazole could 
be isolated. Failure to isolate products like j 4 or JJ suggests 
a very facile transformation of the intermediate ^J to J3. The 

loss of ax’onia H c -i i -4 ^ j- • 

stabilisation in the formation of products like 
Uld also be a factor in favour of products like 13. 

In continuation of our studies, are have attempted at 
generates enediindnes through a thermal el ec tr ooyclio ring 
opening of appropriate 2 , 3 -dlhydropyraaine derivative. Our 

aim was to trap the enediimlnes in their valence l o ■ 

j-xi. uiitjxx valence isomeric 

iraidoazolium yiide form. with th-i « ih n 

with this view, we have prepared two 

dihydropyrazino derivatives namei v x. 

xvcs, namely, 5 ,6 -diphenyi_2 , 3_dihydro- 

pyrartinc ^J6a) and ^ , 3 , 5 ,6 -tetraphenyl -2 , 3 _dihydropyrazine (J6b) 
by the rouction of the corresponding ethyl one diamine with benzil , 












Fleatiiig 5 ,6-diptienyl-2 ,3-dihydropyrazine (_l6 a) in presence 
of ethyl acrylate cr acrylonitrile in boiling toluene for 48 hr : 
gave back the unchanged starting material. On the other hand, i 

when the reaction was carried out in a sealed tube at 180°, 

1 -methyl -4 , 5-diphenylimidazoie ( 17 a) was formed as the only 
isolable product. 

Heating 2 , 3 , 5 , 6 - tetraph6nyl-2 ,3-dihydrop}nrazine ( l6b) , 
in presence of dipolar ophile s such as dimethyl maleate or ethyl 
acrylate gave a mixture of 1 -benzyl-2 ,4 , 5 - triphenylimidazole 
( 17 b) and 2 , 3 , 5 -tetraphenylpyrazine (j_8) . In these cases also, 
the expected cycloadducts derived from the corresponding imidazo- 
lium ylides could not be isolated (Scheme 4.3). 

One probable reason for the failure to form cycloadducts 
in these reactions could be due to a difference in the structure 
of the dipolar species derived from dihydr opyrazines via the 
enediimines and those derived from 1 ,3-diazabicycloJ[3 > 1 ^oJ hex-3- 
enes (Scheme 4.4). It is probable that in the former case, the 
azome thine ylide is formed such that the positive end of the 
dipole is exocyclic (2_3) whereas in the latter, it is predominantly 
within the ring (_^) . The formation of products such as 26 

and 27 as reported by Beale and Miesel^^ during the photolysis of 
dihydr opyrazine s 2 1 and 25 would also support this view. However, 
it may be premature to make any such generalization without 
additional experimental evidences. It may be pointed out that 
at least under pliotocheinic al conditions, the positive end of the 




1,3 -dipole could participate in reactions typical of CcLrbonium 
ions such as nucleophilic attack and 0 -elimination. An inter- 
esting instance of such a process occurring is the formation 
of 1 -a3xLlino-2 -phenyl - 1 , 4 , 5 ,6 - tetrahydr ocyc lohexa jdj |l,2,3j- 
triazole during the photolysis of 1 ,2 _bi sphenylazocycl ohexene 
(chap ter 2 ) . 

In continuation of our studies, we have investigated 

the reaction between phthal aldehyde and aniline in presence of 

dipol ar ophil es such as dimethyl maleate and ethyl acrylate. 

However, in Ihese cases also, the only product that could be 

19 

isolated was 2 -phenyl -1 -phenyliminoisoindoline (33) • The 
formation of however, could be explained through the inter- 

mediates like 30 and _32 (Scheme 4.5) . 

4.3 EXPERIMENTAL 

All melting points are uncorrected and have been recorded 
on Mel temp, melting point apparatus. 

Starting Materials 

Aniline, benzal dehyde , o-phenylenediamine, _o-phthaldehyde , 
dimethyl maleate and ethyl acrylate were purified by distillation 
or recry stallisati on, befoi’e use . 4 , 5-Diphenyl -4 ,5 -dihydro - 

pyrazine, mp 162 '^’, (_l6a) was prepared by the reaction between 

2o 

benzil and ethyl enediatnine as per a reported procedure. 

2 .3 > 5,6 -Tetraphenyl-2 ,3_dihydropyrazine, up 192°, ( l6b) was 



Scheme 4‘5 
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prepared in a similar manner by die reaction of benzil and 

1 ,2 -diphenyl ethyl enediamine . 1 ,2_Diphenylethy'lBnediainine, 

0 2 "1 
mp 122 , itself' was prepared by a known proceduire. 

preparation of N ,N ’ -Dibenzal~^-pharLyl enediamine 

A solution of 10 g (o *1 mole) of _o«phenyl enediamine 
in 50 ml methanol, cooled to was added slowly with 

stirring to a solution of 4 o g (O.^ mole) of benzaldehyde 
in l2o ml of methanol, and die mixture was liiaintained around 
- 20 ^- during the course of the addition. The supernatant 
liquid was removed by decantation and the residue was washed 
repeatedly with cold methanol (-2o°). The N ,N^ -dibenzal-^- 
phenyl enediamine prepared in this manner was used as such 
immediately for further reactions. 

Reaction between N ,N ’ -Dibenzal -._o-phenyl enediamine and Dimethyl 
Mai eate 

A suspension of 1 g (5 mmol) N ,N ’ -dibenzal -_o-.phenylene - 
diamine in a solution of k g (2 5 mmol) dimethyl male ate in 
75 ether was stirred at - 2 o^ for 3 hr . The solution was 
allowed to warm up to room temperature, under stirring. The 
solvent x^as removed by distillation and the residue on recrystal- 
lization from ethanol gave 0.92 g of 1 -benzyl -2 -phenyl - 

1 S 

benzimidazole, (J^) , mp 296° (lit. mp) . The mother liquor 
on distillation gave the unreacted dimettyl maieate. 



Reaction between N ,N' -Dibenzal -^-phenylenediamine and Ethyl 
Acrylate 

Treatment of N ,N' -dibenzal -o-phenylenediamine (l g, 

5 mmol) and ethyl acrylate (lO g, 110 mmol) as in the earlier 
case gave 0.9 S (90^) of 1 -benzyl -2 -phenylbenzimidazole , 

296 ° (mmp) . 

Thermolysis of 4 , 5 -Diphenyl -2 , 3-dihydr opyrazine dLn presence 
Dimethyl Mai eat e 

A solution of 0.3 S (1 mmol) of 4 ,5-diph6nyl-2 ,3-dihydro- 
pyrazine and 0.56 g (4 mmol) dimethyl mal eate in 3 ml of toluene 
was heated in a sealed tube at 180° for 12 hr. The reaction 
mixtixre was then chromatographed over a column of alumina. 
Elution with petroleum ether (bp 60 - 80 ) gave 0.5 S of unchanged 
dimethyl maleate. Continued elution with benzene containing 
5 ^ ethyl acetate gave 0.21 g (70^) of 1 -methyl -4 , 5 -diphenyl- 
imidazole, ( 17 a-) , mp 158 ° (lit. mp 159 °)- 

Reaction of 4 , 5-Diphenyl -2 , 3-dihydr opyrazine in presence of 
Ethyl Aci-ylate 

Heating 0.3 g (l mmol) of 4 , 5-diphenyl -2 , 3-dihydr opyrazine 
and 0.9 g (10 mmol) ethyl acrylate as in the earlier case gave 
0.2 g (66%) of 1 -methyl -4 , 5-diphenyl imidazole ( 17 a.) , mp 158°, 
(mmp) . 




Thermolysis of 2 ,3 ,6 -Tetraphenyl -2 , 3-dihyd r opyrazine ( l6b) 

in Pi'esence of Dimethyl Mai eat e 

A solution of 0.25 g (0.5 mmol) 2 ,3 , 5 - tetraphenyl- 
pyrazine and 0.6 g (4 mmol) of dimethyl maleate in 3 nCL toluene 
was refluxed for 6 hr. Removal of toluene by distillation and 
treatment of the residue with ethanol gave 0.1? S (72^) of 

p p 

tetraphenylpyrazine, (_18) , mp 249° (lit. mp 249-250°) as an 
insoluble residue. Concentration of the mother liquor provided 
15 mg (6^) of 1 -benzyl -2 ,4 , 5-triphenylimidazol e , {_ 17 h) , mp l68° 

(lit.^^ mp 168 - 69 °). 

Thermolysis of 2 , 3 > 5 >6 -Tet raphenyl -2 , 3-dihydr opyrazine ( l6b') 
in presence of Ethyl Acrylate 

Heating 0.25 g (0-5 mmol) of ( 161) and .9 g (10 mmol) 
ethyl acrylate as in the earlier case gave 0.19 S (77^) of 
1 8 , rap 249 ° (mrap) and 12 mg (5^) of 17 b , mp l68° (mmp) . 

Reaction Between _o-phthalaldehyde and Aniline in presence 
of Ethyl Acrylate 

Into a solution of 3 g ( .025 mol) of aniline in 10 ml 
of benzene v;as added, under stirring, a mixture of 1 g ( ,0l mol) 
of phthaldehyde and 9 § (•! mol) ethyl acrylate. The stirring 
was continued for 2 hr. Removal of the solvent and recrystal- 
lization of the residue from benzene gave 2.1 g (70^) of 

19 

1 -phenylimino-2 -phenylisoindoline , {22)’ ®P 1^2° (lit. 

mp 142-143°) . 
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